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Signetics reserves the right to make changes, without notice, in the products, including 
circuits, standard cells, and/or software; described or contained herein in order to improve 
design and/or performance. Signetics assumes no responsibility or liability for the use of 
any of these products, conveys no license or title under any patent, copyright, or mask 
work right to these products, and makes no representations or warranties that these prod- 
ucts are free from patent, copyright, or mask work right infringement, unless otherwise 
specified. Applications that are described herein for any of these products are for illustra- 
tive purposes only. Signetics makes no representation or warranty that such applications 
will be suitable for the specified use without further testing or modification. 


LIFE SUPPORT APPLICATIONS 

Signetics Products are not designed for use in fife support appliances, devices, or systems 
where malfunction of a Signetics Product can reasonably be expected_to result in a person- 
al injury. Signetics customers using or selling Signetics’ Products for use in such applica- 
tions do so at their own risk and agree to fully indemnify Signetics for any damages result- 
ing from such improper use or sale. 


Signetics registers eligible circuits under 
the Semiconductor Chip Protection Act. 
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Preface 


Signetics would like to thank you for your interest in our ALS Product Family. Ad- 
vanced Low-Power Schottky (ALS) can provide a system designer with enhanced 
speed and power performance, improved system reliability, and pin—for—pin compati- 
bility with existing LSTTL. 

Each data sheet contained in this data manual is designed to stand alone and reflect 
the latest DC and AC specifications for a particular device. Each 74ALS product is 
specified over a 10% Ve, range, for both AC and DC parameters. 


This data manual includes: 

© AFunction Selection Guide 

© ACircuit Characteristics Section 

© A Users’ Guide 

© An application note covering Test Fixtures for High-Speed Logic 

© Asection on Surface Mounted ICs 

© Asection on Package Outlines 

In addition to ALS, Signetics offers the broadest line of commercially available Logic 
Products, spanning a wide speed/power spectrum from ECL. (100K/10K) to TTL (74, 
7ALS, 74S, 74F, 8T and 8200) to CMOS (4000 Series, 74HC/HCT, 74AC/ACT). infor- 
mation on these product lines is also available from your nearest Signetics Sales Of- 
fice, sales representative, or authorized distributor. 
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‘DEFINITIONS 


Definition 


This data sheet contains the design target 
of goal specifications for product develop- 
ment. Specifications may change in any 
manner without notice. 


This data sheet contains preliminary data 
and supplementary data will be published 
ata later date. Signetics reserves the 
right to make changes at any time without 
notice in order to improve design and sup- 
ply the best possible product. 


This data sheet contains Final Specifica- 
tions. Signetics reserves the right to make 
changes at any time without notice in or- 
der to improve design and supply the best 
possible product. : 


Objective Specification | Formative or In Design 


Preliminary Specification | Preproduction Product 
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ADVANCED LOW-POWER 
SCHOTTKY PRODUCTS — 
FEATURES 

© 5ns propagation delays 

© 1.2 mWigate power dissipation 


® Guaranteed AC performance over 
temperature and extended V.. 
Range: 5V + 10%. 


© High—impedance PNP base Input 
structure for reduced bus loading 
In Low state 


© Standard TTL functions and pin- 
outs 


© Replacement for LS types are '/. 
the power and twice the speed. 


© 2KV ESD Protection 


Figure 1. 


December 1988 


74ALS TIL 
Introduction 


PRODUCT DESCRIPTION 


Signetics has combined advanced oxide— 
isolated fabrication techniques with stan- 
dard TTL functions to create it’s ALS 
product line. Low input loading allows the 
user to mix LS, FAST and HCMOS in the 
same system without the need for transia- 
tors and restrictive tanout requirements. 


ALS circuits are pin-for—pin replacements 
for LS types, but offer dissipation 2 to 3 
times lower, and higher operating speeds. 
Existing systems can achieve much lower 
power and improved performance by re- 
placing the LS types with the correspond- 
ing ALS devices. 


The input structure provides better noise 


Figure 2. Basic ALS Gate 


immunity due to higher thresholds, while 
the oxide~isolation and new circuit techni- 
ques create devices that have less vari- 
ation with temperature or supply voltage 
than existing TTL logic families. Signetics 
guarantees all AC parameters under real- 
istic system conditions — across the sup- 
ply voltage spread and the temperature 


range, and with heavy SO,F output loads. 


Clamping diodes have been added to both 
the inputs and outputs to prevent negative 
overshoots. High input breakdown vol- 
tages allow unused inputs to be tied direct- 
ly to V,, without pull up resistors. 


Muttiple sources and a family of powerful 
circuits make Signetics ALS a wise TTL 
choice. 


g 
; 


os 10 4.5 
Vin— INPUT VOLTAGE—V 


Figure 3. Transfer Functions At 
. Room Temperature 


Introduction . : 74ALS TTL 


Vou: OUTPUT VOLTAGE (VOLTS) 


typ — PROPAGATION DELAY — ns 


C, LOAD CAPACITANCE — pF lo, — OUTPUT CURRENT — (ma) 


«6 


Figure 4. Propagation Delay VS Load Capacitance Figure §. Output LOW Characteristics 


; 
- 
a 
3 


low, OUTPUT CURRENT (mA) 


LOAD CAPACITANCE — pF 
oPo1se0s 


Figure6. Fall Time VS Load Capacitance Figure 7. Output HIGH Characteristics 
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Ordering 
Information 


Signetics commercial ALS products are generally available in both standard dual-in-tine and 
surface mounted options. The ordering code specifies temperature range, device number, and 
package style as shown below. For commercial products, the standard temperature range is 
0-70°C. Available package options are shown on individual data sheets in the “Ordering Infor- 
mation Table”. For surface mounted devices, the SO plastic dual-inJtine package is supplied 
up to and including 28 pins. Above 28 pins, the plastic leaded chip carrier is utilized. 


A wide variety of functions and package options is available for military products. Information 
on military products is available from the nearest Signetics sales office, sales representative, or 
authorized distributor. The Signetics Military Products Data Manual contains specifications, 
Package, and Ordering Information for all military—grade products. 


ORDERING CODE EXAMPLES 
74ALS240 N : 
| Package 
Style 
Device 
Number 


TEMPERATURE DEVICE 
RANGE NUMBER 
Commercial Range 
0°C to 70°C 


PACKAGE STYLE 


N = Plastic DIP 
D = Plastic SO DIP 
(surface mounted) 
A = Plastic Leaded Chip Carrier 


Military Ra 
pend to aete See Military Products Data Manual 


T4ALSXXX 
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Section 1 
Function Selection 
Guide 


~— @ Function 
Selection 
Guide 


GATES 


3 DEVICENUMBER 
INVERTERS 
vane 
NAND 
Quad 2-Input 
Triple $input 
Dual 4~input 
8~Input 


Quad 2-input NAND, OC 


NOR 
Quad 2-input 74ALS02 
Triple 3-Input 74ALS27 
AND 
Quad 2-Input 74ALSO08 1 
Triple 3-Input T4ALS11A 
Quad 2—-input 74ALS32 
EXCLUSIVE-OR 
Se re ees eee ee 


FLIP-FLOP re 

neon [ese oN 
D ~Fa4ALST4A 
KO T4ALS109A 
JK T4ALS112A 
Quad D 74ALS175 
Hex D 74ALS174 
Octal D ; _ 74ALS273 


Octal D, with Enable | 74ALS377 
Octal D, 3-State ; 74ALS374 
Octal D, 3-State TAALSS64A 
Octal D, 3-State T4ALS574A 


bE SKS AGS 
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Function Selection Guide 


LATCHES 


A 


16 
16 
14 
14 
16 
16 
16 
16 


DEVICE NUMBER 


Dual 1~of-4 74ALS139 
74ALS138 


74ALS153 
74ALS253 
74ALS157 
74ALS158 
74ALS257 
74ALS258 
74ALS151 
74ALS251 


ae PARALLEL DEVICE NUMBER 


OUT 
ES 


Function Selection Guide 


COUNTERS 


PRESETTA- PARALLEL 
BLE ENTRY 


74ALS161B 
74ALS163B 
74ALS191 
74ALS193 


TRANSCEIVERS 


DEVICE NUMBER 


74ALS245A/245A-1 
T4ALS645A/645A-1 


Octal Transceiver ’ 


Octal Transceiver 


Octal Transceiver T4ALS620A/620A-1 
Octal Transceiver 74ALS623A/623-1 
Octal Latched Transceiver 74ALS543/543—1 
Octal Latched Transceiver T4ALS544/544—1 
Octal Transceiver/Register T4ALS646/646—~1 
Octal Transceiver/Register T4ALS648/648—1 
Octal Transceiver/Register T4ALS65 1/651-~-1 


Octal Transceiver/Register 74ALS652/652~1 
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Section 2 
Quality And Reliability 


Quality And 
Reliability 


SIGNETICS' QUALITY PROGRAM 


In 1979, Signetics recognized that quality was becoming a major competitive issue, not only in the 
semiconductor business, but also in other industries. Increases in the volume of products imported from the 
Far East (steel, automobiles, and consumer electronics) sent strong signals that new competitive forces were 
at work. 


Signetics quickly began to investigate a variety of quality programs. The company realized that quality 
improvement would require a contribution from all employees. Management commitment and participation, 
however, was recognized as the primary prerequisite for this program to work successfully. Resources 
required for the resolution of defects were under management control. 


In 1980, Signetics developed a program which focused on quality management. Rearranging previous 
quality control philosophies, Signetics developed a decentralized, distributed quality organization and 
simultaneously installed a quality improvement process based on the 14-Step improvement program 
advocated by Phil Crosby. The process was formally begun company-wide in 1981. 

Since then, substantial progress has been made in every aspect of Signetics’ operations. From incoming raw 
material conformance to improvements in administrative clerical errors - every department and individual 
is involved and striving for Zero Defects. Zero Accept sampling plans and Zero Defects warranties are 
evidence of Signetics' ongoing commitment and progress in quality. : 


Today, Signetics' quality improvement process has had a far-reaching impact on all aspects of our business. 
Signetics provides its customers with products of refined electrical and mechanical quality. And through continual 
use and modification of the Crosby program, Signetics is providing itself with a well-defined method of managing 
ongoing improvement efforts. 


SIGNETICS' ZERO DEFECTS WARRANTY 


In recent years, American industry has demanded increased product quality of its IC suppliers in order to meet 
growing international competitive pressure. As a result of this quality focus, it is becoming clear that what was once 
thought to be unattainable ~- Zero Defects - is, in fact, achievable. 


Signetics offers a Zero Defects Warranty which states that it will take back an entire lot if a single 
defective part is found. This precedent setting warranty has effectively ended the IC industry's "war of the 
AQLs" (Acceptable Quality Levels). The ongoing efforts of IC suppliers to reduce PPM (Parts Per Million) 
defect levels is now a competitive customer service measure. 
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This intense commitment to quality provides an advantage to today's electronics OEM. That advantage can 
be summed up in four words: Reduced Cast of Qunership = 

As IC customers look beyond purchase price to the total cost-of doing business with a vendor; it is apparent 
that a quality-conscious supplier, like Signetics, represents a viable é6st reduction resource. Consistent 
high-quality circuits reduce requirements for expensive test equipmentand personnel; and allow for smaller 
inventories, less. reworksand fewer field failures 2 : 


SIGNETICS' STATISTICAL PROCESS CONTROL (SPC) 
Although application of statistics in our process development and manufacturing activities goes back to the 


early 1970's, the corporate-wide emphasis on Statistical Process Control (SPC) did not come about until 
mid-1984. 


Coe 


Prior to 1984, 14 full-time statisticians were active in Statistical training, problem solving, general 
consulting, and designing experiments. However, 1984. shifted the emphasis “from a. Sporadic and 
uncoordinated effort to.a:corporate-wide coordinated and disciplined approach to SPC.. 2 - 


This shift in emphasis came about for two main reasons: 
Customers’ realization of importance and relevance of SPC to quality and reliability issues. 


A natural evolution of our four year old quality process’ madevintroduction of SPC and other related 
programs an inevitable event. SPC was, therefore, introduced.under the-quality umbrella. =; 


The objective of the SPC program is to introduce a systematic and scientific ‘approdch to business and 
manufacturing activities. This approach utilizes sound statistical theory. Managers are expected to be 
able to turn data.into information, and make decisions solely, based on data (not perceptions). te 


The most critical and:challenging aspect of implementing SPC is establishment of a discipline within the 
operating. areas so that decision making is: fundamentally based on verifiable data, and actions are 
documented.- The other is réalization: of ‘the fact that statistical tools merely point out the problems and 
are not solutions by themselves. The burden of action.on the process is still on the implementers' shoulders. 


= 


In order to implement SPC effectively, three Steps are continually followed: 

Documenting and understanding the process, using process flow charts and component diagrams. 
Establishing data collection pistons, pa using SPC tools to identify process problems and opportunities for 
improvement. 28 ; 

Acting on the process, and establishing guidelines to monitor and-maintain process control. ae 


Repeating steps 1-3 again. , : “3 

These furidamentals are the basis of establishing Signetics’ specifications and operating philosophy with’ 
respect to SPC. Signetics believes a solid foundation creates a permanent system and accelerates our quality 
improvement process, _ : “ ; 


mrp FOS ape 
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SIGNETICS QUALITY PERFORMANCE 


Signetics Quality Improvement Program has influenced our entire production cycle - from the purchase of 
raw materials to the shipment of finished product. The involvement of all areas of the company has 
resulted in impressive quality improvements. A traditional quality gauge is final product electrical and 
visual-mechanical defect levels as measured upon first submittal results at Signetics outgoing Quality 
Assurance gates (Figures I and II). Current product shipments routinely record below 20 PPM (Parts Per 
Million) electrical defect levels and 150 PPM visual-mechanical defect levels. Since Signetics utilizes zero 
accept sampling on all finished product inspection, any lot with one or more rejects is 100 percent re-tested . 


STANDARD PRODUCT DIVISION 
” ELECTRICAL PRODUCT QUALITY * 
* Based on tet G.A. submission results 


fe. Bs! 


1983 1984 1985 1986 1987 1988 
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The most meaningful measure of our product quality is how we measure up to our customers’ expectations. 
Many customers routinely send us incoming inspection data on our products. One major mainframe 
manufacturer has reported zero defects in electrical, visual-mechanical, and hermeticity and has reported 
a 100 percent lot acceptance rate on Signetics' Standard Products products for over a year. Due to this type of 
performance, an increasing number of our customers are eliminating expensive incoming inspection testing 
and have begun implementation of Signetics' Ship-to-Stock program. oT 


Ship-to-Stock is a formal program developed at the request of our customers to help them reduce their costs 
by eliminating incoming test and inspection. Through close work with these customers in our quality 
improvement program, they became confident that our defect rates were so low that the redundancy of 
incoming inspections and testing was not only expensive, but unnecessary. They also saw that added 
component handling increased the potential of causing defects. 


Ship-to-Stock is a joint program between Signetics and a customer which formally certifies specific parts to 
g0 directly into the customer's assembly line or- inventory. This program was developed at the request of 
several major manufacturers after they had worked with us and had a chance to experience the data 
exchange and joint corrective action occurring as part of our quality improvement program. 


Manufacturers using large volumes of ICs, those who are evaluating Just-in-Time delivery programs, or 
those who want to reduce or avoid high-cost incoming inspection are strongly encouraged to participate in 
this worthwhile program. Contact your local Signetics' sales representative for further assistance and 
information on how to participate in this program. : 


SUMMARY 


The Signetics Quality Improvement Program has had a far-reaching impact on ail aspects of our business. It 
has, of course, provided our customers with products of improved electrical and mechanical quality and has 
provided Signetics with a method of managing product reliability improvement to ensure that Signetics' 
. products continue to perform as specified. 


The corrective action teams that work to eliminate the cause of defects in Signetics' products are committed 
to producing highly reliable integrated circuits and, as demonstrated by our continually improved product 
reliability performance, we are well on the way to achieving our objective, ZERO DEFECTS. 


RELIABILITY ASSURANCE PROGRAMS — 
FOCUS ON PRODUCT RELIABILITY 


During the period from 1981 to 1984, continuing improvements in process and material quality had a 
significant impact on product reliability. pak AE 


Since 1984, Signetics has intensified its efforts to-markedly improve product reliability. Corporate 
Reliability Engineering, Division and Plant Reliability: Units,:Philips Research Labs-Sunnyvale, and 
Manufacturing Engineering work jointly on numerous improvement activities. These focused activities 
enhance the reliability of Signetics future products by providing improved methods for reliability 
assessment, increased understanding of failure physics, advanced analytical techniques, and aid in the 
development of materials and processes. 
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RELIABILITY MEASUREMENT PROGRAMS 

Signetics has developed comprehensive product and process qualification programs to assure that its 
customers are receiving highly reliable products for their critical applications. Additionally,..ongoing 
reliability monitoring programs, SURE III and Product Monitor, sample standard production praduct ona 
regularly established basis (see Table I below). ; A ee 


Table! 


New Process High Temperature Operating Life. Each new wafer fab process. '.- (+ ss. 
Qualification. Biased Temperature-Humidity,. Static es Seg Se eRe aE 
High Temperature Storage Life ne oe eee a aa) 
Pressure Pot ; pends tk pd wr AE awe aS 
Temperature Cycle . 
New Product High Temperature Operating Life. . Each new product’ 
Qualification Biased Temperature-Humidity, Static , . ; be 
High Temperature Storage Life ie 
Pressure Pot fC aeti. ok ae 
Temperature Cycle . . ees 
Electrostatic Discharge Characterization — Reece 
SURE III High Temperature Operating Life Each fab process family, bhi 
Biased Temperature-Humidity, Static every four weeks Se Oe 
High Temperature Storage Life a 
Pressure Pot 
Temperature Cycle . ; 
Thermal Shock 
Product Monitor Pressure Pot a Each package typé and om 
Thermal Shock - ‘ technology family ateach "| 
: “ assembly plant; every "| ' 
week oe 


nM. 


SHTL -- Static High Temperature Life: SHTL stressing applies static DC bias to the device. This has, 
specific merit in detecting ionic contamination problems which require continuous uninterrupted bias. to 
drive contaminants to the silicon surface. The voltage bias must be maintained until the devices are.cooled 
down to room temperature from the elevated life test temperature. DHTL stressing is not as effective in > - 
detecting such problems because the bias continuously changes, intermittently generating and healing the 
problem. For this reason, SHTL has typically been used as the accelerated life stress for Standard Products 
products. 


HTSL -- High Temperature Storage Life: This stress exposes the parts to elevated temperatures (150°C- 
175°C) with no applied bias. For plastic packages, 175°C is the high end of its safe temperature region 
without accelerating untypical failure mechanisms. This test is intended to accelerate mechanical 
package-related failure mechanisms such as Gold-Aluminum bond integrity and other process instabilities. 


THBS -- Biased Temperature-Humidity, Static: This accelerated temperature and humidity bias stress is 
performed at 85°C and 85% relative humidity (85°C/85% RH). In general, the worst case bias condition is 
the one which minimizes the device power dissipation and maximizes the applied voltage. Higher power. 
dissipations tend to lower the humidity level at the chip surface and lessen the corrosion susceptibility. 
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TMCL — Temperature Cycling, Air-to-Air: The device is cycled between the specified upper and lower 
temperature without power in an air or nitrogen environment. Normal temperature extremes are -65°C and 
+150°C with a minimum 10 minute dwell and 5 minute transition per Mil-STD-883C, Method 1010.5, 
Condition C: This is a good test to measure the overall package to die mechanical compatibility, because 
the ‘thermal expansion coefficients of the plastic are normally very much higher than those of the die and 
leadftame. However, for large die the stress may be too severe and induce failures that would not be 
expected.in a real application. 


PPOT -- Pressure Pot: This. stress exposes the devices to saturated steam at elevated temperature and 
Pressure. The standard condition is 20 PSIG which occurs at a temperature of 127°C and 100% RH. The 
‘stress is used. to test the moisture resistance of plastic encapsulated devices. The plastic encapsulant is not a 
. » Moisture barrier and will saturate with moisture within 72 hours. Since the chip is not powered up the chip 
| temperature and relative humidity will be the same as the autoclave once equilibrium is reached. Because 
~ the steam environment has an unlimited supply of moisture and ample temperature to catalyze thermally 
activated events, it is effective at detecting corrosion problems, contamination induced leakage problems, 
and general glassivation stability and integrity: It is‘also'a good test for both package integrity (cracks in 
the package), and for die cracks (the moisture swells the plastic enough to stress the die - also the moisture 
_ Causes leakage paths in the crack itself). , 


TMSK -- Thermal Shock, Liquid-to-Liquid: Similar to TMCL, however, heating and cooling are done by 
immersing the units in hot and cold inert liquid. Temperature extremes are -65°C to +150°C with a minimum 
5 minute dwell and less than 10 second transition per Mil-STD-883C, Method 1011.4, Condition C. Since 
heat transfer by conduction is generally much faster thai by convection, the liquid-based thermal shock 
causes more rapid temperature changes in the part. Also, as the part is rapidly changing in temperature all 
‘its mass will not be in equilibrium and the temperature gradients across the part will produce additional 
mechanical stress. For chip-out under bond these factors combine to give an acceleration of 1.5X over TMCL. 
For ball neck break (wire creep) failures, acceleration of 10X has been observed. To date, there is no 
_Teasonable explanation for why the relative accelerations in TMCL and TMSK are so variable and 


“\ dependent on the failure mechanism. 


Qualification activity is centered around new Products and processes and changes in products and processes. 
The goal is to assure that the products can meet the qualification requirements prior to general release, and 
on an ongoing basis to demonstrate conformance to those requirements. .The nature and extent of reliability 


ae _ Streasing required depends on the type of change and the amount of applicable reliability data available. 


A full qualification’ may include Early Failure Rate (EFR), Intrinsic Failure Rate (FR), and Environmental 
Endurance Stressing. Such stress plans are reserved for introductions or changes that involve. new.or untested 
miaterial or processes and, as such should be subjected to the maximum reliability interrogation. This 
normally entails a full range of biased and unbiased temperature and humidity stresses along with thermo- 
fechanical stresses. = 


_Pérchanges that are of lithited scope, the full range of qualification stressing may not be warranted. In 


~ 


* these-instances, the nature and’extent of the change is examined and only those stresses which Provide a 


valuable measure of the change, or those which will detect potential weaknesses, are performed. 
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Self-Qual is a joint program between Signetics and a customer whith formally communicates Signetics' 
qualification activities for'a new or changed product, process, or material. The Signetics Self-Qual process “. 
provides our customer's engineering groups an opportunity to participate in the development of the ©. 
qualification plan. During the qualification process, customers may audit the project, and can recéive 
interim updates of qualification progress. Upon completion, formal detailed engineering reports are 
provided. 


The major impact to the customer comes from the reduced workload on the component engineering and : 
qualification groups. These engineering resources generally divide their time between routine qualification 
activity and problem resolution on critical components. By eliminating the teed to perform qualification for’ - 
some of the basic vendor changes the customer component engineer can-spehd. more of his time resolving the: 
critical product issues. In addition, the total amount of stress hardware needéd {6 perform qualification life’ 
tests and other environmental evaluations can be reduced, saving the customer facility costs and reducing 
operating expense. : ; a se Ge ee re 


Self-Qual is a no-risk proposition for the customer. “Each Self-Qual Proposal provides a detailed 
description of what we are changing and why. It includes a detailed plan of what we intend todo to . 
establish the reliability of the products affected. If the customer wishes to have ‘products added to the 
plan, or select some additional stresses, or prefers alternative stress conditions, Signetics will do-everything: 
possible to accommodate those requests. After that, if the customer is still uncomfortable with the a 
recommended change, they are under no obligation to accept our data, and they may perform their own 
qualification program in addition to Signetics. Pi ne 


Customers who are interested in participating in this program should contact their local Signetics sales 
representative or Signetics' Corporate Reliability Engineering department directly. 


” 


2-9 


: In order to pics an ei coecaed program, a standard:-measure of performance was needed. Signetics 
uses, the resylts.from-the SURE Ill Reliability Monitoring Program as its basic ongoing measure of product . 
‘reliability performance. .This program samples all generic families‘of products manufactured by Signetics, 
arid utilizes standardized-stress methods and test procedures, This system is augmented by new product and 


". process qualification activities and infant mortality monitoring programs. 


. ‘Signetics adopted a measurement ees ae a based 0 on the premise of continual a toward our 
performance Pandas of zero defects, 


. We also inareased our standard Presune Pot stress conditions from 15 PSIG/121°C to 20 PSIG/127°C. This 
reduced stress duration from, 168 hours to 72 mee and. deta high volume sampling, which increased . 
sensitivity, to-low, seteet: ies oe , 


oes 


Our standard. monitoring prourair SURE Ill, includes the ne following stress conditions: 


Tj.> 150°C, Ta =.425°€ to 150°C, Bias condition = Static, — 


(SHTL) RN Te eel Vee = MAX*, Duration = 1000 Hours 
eat By - 
j ; Ta = 150°C, No Bias, Dutation = 1000 Hours 
(HTSL) ee 
” Static Bi iased Te mperature- Temperature = 85°C + 38C, Humidity = 85% RH + 5%, 
Humidity: (THBS) Bias condition = Static, Vcc = MAX*, Duration = 1000 Hours 
é : . Condition = Air-to-Air -65°C (40°C -10°C ) to 
“CEMCL) +150°C (+10°C -~C ), Dwell = 10 minutes minimum each extreme, No 
bias, Duration = 1000 Cycles (plastic); 
. Cycles (hermetic) 
Pressure Pot: : Condition = 127°C (42°C -2°C ), 20 PSIG (+0.5 -0.5 PSIG), (PPOT) 
; , 100% saturated steam, No bias, Duration = 72 Hours 
_ ‘Thermal Shock: Condition = Liquid-to-Liquid -65°C (+0PC -10°C ) to 
“+ (FMSK)* 150°C (410°C -0°C ), Dwell = 5 minutes minimum each 


ee Vee MAX is generally = Data Book Maximum Specified Vcc. 
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PRODUCT MONITOR 


In addition to the SURE III program, each Signetics assembly plant performs Pressure Pot (20 PSIG, 127°C, 
72 Hours) and Thermal Shock (-65°C to +150°C, 300 Cycles) reliability monitors on a weekly basis for each 
molded package type by pin count. The purpose of this program is to monitor the consistency of the assembly 
operations for such attributes as molding quality and die attach and wire bond integrity. These data are 
reported back to manufacturing operations and corporate and divisional reliability and quality assurance 
departments by electronic mail each week. The data from the weekly product monitor is summarized along 
with the SURE Ill program reliability data in this publication. 


RELIABILITY EVALUATIONS 


In addition to the product performance monitors encompassed in the SURE III program, Signetics' Corporate 
and Division Reliability Engineering departments sustain a broad range of evaluation and qualification 
activities. 


Included in the engineering process are: 


Evaluation and qualification of new or changed materials, assembly /wafer-fab processes and equipment, 
product designs, facilities, and subcontractors. 


Device or generic group failure rate studies. 
Advanced environmental stress development. 
Failure mechanism characterization and corrective action/prevention reporting. 


The environmental stresses utilized in the engineering programs are similar to those utilized for the SURE 
Ill program, however, more highly-accelerated conditions and extended durations typify these engineering 
projects. Additional stress systems such as biased pressure pot, power-temperature cycling, and cycle-biased 
temperature-humidity, are often included in some evaluation programs. 


ILI J 


Signetics quality improvement has reached all functional areas of the company, and the reliability stress 
laboratories are no exception. Corporate Reliability Laboratory (CRL) is one of the many areas where the 
benefits of the quality improvement process pays repeated dividends. 


CRL utilizes stresses which accelerate failure rates hundreds to thousands of times, requiring precision and 
control to make reliability data meaningful. Stress loading schedules are maintained with absolute 
regularity and chambers are never off-line beyond scheduled loading plans. Board currents are recorded 
prior to and at each interval on biased stresses, and monitoring of in-oven currents is conducted daily. 


Thermal modeling of both Thermal Shock and Temperature Cycling systems has been accomplished and all 
loads are carefully weighed to ensure that thermal ramps are consistent. 


Pressure Pot and Biased Pressure Pot systems utilize microprocessor controllers, and are accurate to within 
0.1 degree centigrade. Saturation is guaranteed via automatic timing circuits, and a host of fail-safe 
controls ensure that test groups are never damaged. 


Electrostatic discharge (ESD) handling precautions are standard procedures in the laboratories, and the 
occurrences of devices lost, zapped, or overstressed have become almost non-existent. 
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-Curtently, Signeticé {¢‘involved“in a:number of teliability improvement progtams intended to enhance 

product reliability!performance. <A series of activitiee-are-currently addretsirig’ failure rate reduction in 
thermal cycling stresses, particulatly-on large die. Other reliability improvément programs involve the 
use of Silicon Nitride and other: technologically advanced: passivation systems to increase the high 
humidity resistance of setisitive products. a a 
: Pane (OS tele OE ns 


Reducing early life-failurés has become a major focus at-Signetics. Numerous corrective action teams are in 
the process of establishing high volume monitors capable of accurately ‘describing parts per million (PPM) 
level infant failure rates. From data produced via these monitors, improvement in wafer fabrication 
Process and assembly ptocess technologies‘are déveloped to minimize integrated circuit defect levels. 


RELIABILITY PUBLICATIONS 


Data from all of these activities is made available to. all Signetics customers in a variety of publications: 
PRODUCT RELIABILITY SUMMARIES and QUARTERLY UPDATES 


Yearly, each Product Division's SURE Ill monitoring data is summarized and published in a Product 
Reliability Summary, Quarterly, an update is published for the data ‘accumulated ‘during interim periods. 

SSQP - SIGNETICS SELF-QUAL PROGRAM | ca A 
ptia ‘program for the publication 


In addition to the regular publications of-feiability- monitor results; | 
plice sifice January of 1984. 


of qualification proposals and final engineetihg reports has been in pl 


SMD RELIABILITY 


In support of Signetics' leadership in Surface Mount Device (SMD) techfalogy; we have published indepth 
studies and evaluations on. the réliability of numerous. combinations of SMD packages and IC process 
technologies. These ‘reports cover not only the basic product performance, but also evaluate products after 
exposure to the unique environments créatéd by the varidiis SMD soldering arid cleaning processes. 


SPECIAL RELIABILITY REPQRTS_ 


In addition to our standard reports, special reliability evaluation results are available on a wide variety of 
Signetics' products and processes. Custom reports can-be generated to meet specific customer needs and the 
most accurate failure rate estimates can be prepared for your specific system appligation and environment. 


DATA AVAILABILITY 


The previously referenced documents are available to all Signetics customers. Many are available in your 
local Signetics sales office, or: Pe : 


Corporate Reliability Services 
Reliability Publications Group 
Department 9605, Mail Stop #34 
Arques Avenue 

Box 3409" 
Sunnyvale, CA 94088-3409, 


where you can be placed on a standard mailing list for all documentation which meet your specific 
requirement(s). 
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SIGNETICS' MANUFACTURING FACILITIES 


Signetics, as part of 3 multinational corporation, utilizes manufacturing: facilities. for wafer fabrication, 
package assembly, and test in three states and three overseas countries as shown in Teble XII. All wafer 
fabrication is pertormed-in Signetics operated fabs which report to the Vice President of: Die Manufacturing 
Operations (DMO) in Sunnyvale. Similarly, Signetics Assembly operations in Utah, Korea, and Thailand, 

report to the Vice President of Assembly Manufacturing Operations (AMO). Assembly subcontractors, Pebei 
and Anam, are scheduled and controlled through the AMO organization. Assembly subcontractors process 
all product to Signetics’ specifications and materials. Signetics has on-site quality assurance personnel at 
each subcontractor to audit assembly processes and procedures. 


All Signetics products are electrically tested in Signetics operated facilities. These facilities report to the 
manufacturing organization (DMO or AMO) operating the facility at which they are located. 


Table V. 


WAFER FABRICATION FACILITIES 


Process Families 
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TYPICAL IC MANUFACTURING FLOW 


The manufacturing process for Integrated Circuits begins with wafer fabrication. The wafers are then | 
electrically sorted, assembled, and tested prior to customer shipment. Quality assurance inspections are 
utilized throughout the manufacturing process. Table VI contains a typical manufacturing flow for 
Signetics' ICs. as 


Table VI 


Typical LC, Manufacturing Flow 
For Bipolar Junction Isolated Product 


Wafer Fab: Initial Oxidation 
Buried Layer Diffusion 
Epitaxial Layer 
Isolation Diffusion 
Base Diffusion 

, Emitter Diffusion 
Contact Mask 
Metallization #1 
Dielectric Glass Layer 
Metallization #2 
Nitride Passivation 


Wafer Sort: Wafer Electrical Test 
Wafer Visual Acceptance . 


Assembly: Saw Scribe and Break 
Die Sort Visual A 
Die Attach to Leadframe 
Wire Bonding 
Pre-Seal Visual Acceptance 
Encapsulation 
Topside Symbolization - 
Leadframe Trim and Form 
Solder Coat 
Mechanical/Visual Acceptance 


Test: Final Electrical Test . 
Burn-In (Optional) 
Product Assurance Test 


Shipping: Pack-Out 


Outgoing Quality Control Acceptance 
Shipping 
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Lead Frame 


Lead Finish 


Bond Area 
Finish 


Die Attach 


Bond Wire 


Wire Bonding 
Die 


Leadframe 


Pack Constructi 


Copper, 194 Alloy 
Tin/Lead Solder Dip 
or Tin/Lead 


Silver Spot 


Silver Filled 


Package Material Novolac Epoxy 


Polyimide or Polyimide or 
Thermoplastic Thermoplastic 
Gold, 1.0-1.3 mil. Gold, 1.0-1.3 mil. 
Diameter Diameter 
Thermosonic Thermosonic 
Ball Ball 
Stitch Stitch 
Novolac Epoxy 
Package Code Definitions 
PDIP so , PLCC 
DE nore FE 
DH none FH 
Dj oe Fj 
oon wore FK 
DL AL FL. 
oon o--- FM 
DN ance FN 
ore AQ FQ: 
dese AA eats 


Copper, 194 or PMC102 
Tin/Lead Solder Dip 
(60/40) 

Solder Plate (80/20) 


Silver Spot 


Silver Filled 
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Alloy-42 


Tin/Lead Solder Dip 


Silver Spot 


Silver Filled. 
Glass 


‘Aluminum, 1.0 mil. 


Diameter 

Ultrasonic 
Stitch 
Stitch 


Ceramic 


Section 3 
Circuit Characteristics . 


INPUT STRUCTURES 

There are two types of input structures used 
in ALS circuits: diffusion diode and PNP 
vertical transistor. Each of these are dis- 
cussed below. 


The diffusion diode input is used occasionally 
with ALS circuits. The input diode is labeled 
as Di in Figure 1. There can be more than 
one if NAND logic is to be performed. In the 
oxide-isolated processes these are base-col- 
lector diffusions. Each input pin also has a 
Schottky clamp diode D2. This diode is stan- 
dard for most TTL circuits, and is included to 
limit negative input voltage excursions that 
ara generally the result of inductive under- 
shoot. 


Figure 1. Diode Input 


The static diode input function of voltage 
versus Current is shown in Figure 2. If the pin 
voltage is negative, most of the relatively high 
negative current flows through the clamp 
Schottky 02. At OV the current flows from 
Voc through R1 and 01 to the pin. Switching 
from a logic Low level to a logic High level 
occurs when the input pin voltage rises high 
enough to force the current from the D1 path 
to the Q3 - Q2 - Q1 path. This happens when 
the base voltage of transistor Q3 is at three 
base-emitter drops (3Vgg), and the pin is at 
2Vge, which is the standard ALS threshold 
switching voltage. At this voltage the input 
current is very small, just the teakage currents 
of diodes D1, D3, and clamp diode D2. The 
current remains at this small, positive value 
until breakdown voltage is reached. 


Transistor Q3 and resistor R2 provide a 
current gain by increasing the amount of 
current available to Q2 and Q1 when the pin 
voltage is high. R3 bleeds current off the 
base of Q2 to pull it ow when the pin voltage 
is low. 03 speeds up this process during the 
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Circuit 
Characteristics 


High-to-Low pin transition. When the switch- 
ing transients are over, D3 is reverse biased. 


AFO3251S, 


Figure 2. Static Diode Input Function 
of Voltage VS Current 


The current of Figure 2 is scaled for the case 
where the pin is required to pull down a single 
40KQ resistor R1 (204A maximum in the High 
state and 0.2mA maximum in the Low state). 
For some parts, pin current can be higher, 
especially in the logic Low state. This in- 
crease will happen if the pin must sink the 
current from more than one R11 resistor, or if 
the value of R1 is less than 40KQ, which will 
be the case if the capacitance at the base of 
the transistor Q3 is too large for the required 
switching speed. 


The PNP vertical transistor has found wide 
acceptance in its various forms in Jow power 
Schottky logic because it provides a high- 
impedance input which is usually desirable. It 
is now frequently the input of choice for new 
parts built with improved processes. The PNP 
transistor Q3 is fabricated with the P-type 
substrate as the grounded collector, the N- 
type Epi as the base, and the P-type normal 
base diffusion as the emitter. The process 
must be tailored to provide a suitable current 
gain for this vertical structure and must have 
Provision to remove the considerable sub- 
strate current without an appreciable rise in 
substrate voltage. Referring to Figure 3, Q3 
functions as an emitter follower for pin volt- 
ages low enough to provide an emitter-base 
forward bias. This occurs at an emitter voit- 
age below the 3Vg¢ value provided by the 
03-Q2-Q1 stack, and gives the desired 
2Vee pin threshold. At pin voltages above this 
value, Q3 turns: off and the current through 
Rit is directed to Q2-Q1 through 03. The 
Schottky diode D2 speeds up the High to Low 
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transition if the pin voltage falis more rapidly 
than the base of Q2; otherwise, D2 is off. The 
PNP input characteristics are shown in Figure 
4. if the input voitage is negative with respect 
to ground, a large clamp current flows 
through D,. As the voltage rises, D; turns off 
and the input current falls to the base current 
of Q3; for the usual values of Ri, this is in the 
range of about 3uA. This decreases as the 
lead voltage rises. At threshold, Q3 turns off 
and the input current drops to a low value 
determined by the leakage of D;, Do, and Q3. 
The current remains at this low value until the 
onset of breakdown. Since all PNP inputs are 
protected with ESD structures, the break- 
down current is set by this, and not the actual 
PNP device. 


“3 -2-10 1 


234567 6 
INPUT VOLTAGE (V) 


‘OP 9081S 


Figure 4. PNP input Characteristics 


INPUT CONSIDERATIONS 


Static Input Current 

A comparison of input current for various 
input voltage ranges for both types of inputs 
is shown in Figure 8. 


Circuit Characteristics 


Diode inputs supply current to their drivers 
that may be as large as 200A at Viy of 0.5V 
for a single unit load input. Signetics ALS 
parts are designed to have input current less 
than 20uA over the full switching range from 
OV to Voc. Typical PNP input current is less 
than 10yA below threshold voltage and 1uA 
above threshoid. 


Input Capacitance 

input capacitance, measured using a small- 
signal variation about a static DC operating 
point, is low for ALS inputs. When one in- 
cludes the added capacitance of the ele- 
ments common to each input, such as the 
pin, pad, bond wire, and clamp Schottky 
diode, the percentage difference for total 
static input capacitance for either type of 
input is not very large. 


Dynamic Input Current 

In many applications the total current an input 
pin draws during a switching transition is a 
more important consideration than its input 
capacitance. This dynamic input current is 
often larger than the value of static capaci- 
tance would predict because both types of 
input structures normally include some sort of 
speed-up mechanism, usually a "kicker" 
Schottky diode, connected to an internal 
node of the circuit. The kickers deliver cur- 
rent, related in a non-linear way to input edge- 
rates. High-dynamic input current does not 
always equate to fast circuit switching. The 
percentage differences for dynamic current 
tend to be larger than the respective differ- 
ences for static capacitance. 


Switching Threshold Voltage 

The ALS input switching threshold voltage is 
set quite high for TTL at two base-emitter 
junction forward-bias drops. ALS input struc- 
tures have enough gain that the voltage 
range in which they switch from one state to 
the other, as shown by a static DC transfer 
function curve, is completed within about 
100mV of the 2Vge threshold. For a typical 
Part at room temperature, Vee is about 
800mV, and the switching threshold is normi- 
nally at 1.6V; the static transfer range uncer- 
tainty of about 100mV gives a nominal thresh- 
ald for solid Lows and Highs of about 1.55V 
and 1.65V respectively. The ALS threshold 
voltage was chosen higher than other TTL 
families to give a larger noise margin with 
respect to ground, and to be more nearly 
centered in the region where a ALS output 
driver stage switches with maximum edge 
rates, which occurs between about 0.6V and 
2.6V. 


Because the ALS threshold is set by the 
base-emitter junction voltage, it is dependent 
on junction temperature and current density. 
Vee increases by about 1.2mV for each 
degree C drop in junction temperature; cur- 
rent density changes by about a decade for a 
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Figure 5. Input Current for input Voltage Ranges 


60mV change in Vge. The total variation due 
to processing differences, temperature, and 
current density is about 150mV per junction, 
or 300mvV total change in input threshold to 
give limits of 1.25V Low and 1.95V High. The 
ALS Vi, and Vy, limits are 0.8V and 2.0V 
respectively, a tight spec for Viy. 


ELECTRO-STATIC DISCHARGE 


(ESD) CONSIDERATIONS 

{tis universally true that no bipolar integrated 
circuit process can provide devices with such 
high breakdown voltages that they are able to 
withstand any level of ESD without some 
structure punching through or breaking down. 
The necessary condition for survival when 
this occurs is that the energy dissipation in 
any volume of the chip must be kept low 
enough so that neither the silicon nor the 
interconnecting metal can melt. This can be 
accomplished in two ways: the breakdown 
voltage should be as low as practical, consis- 
tent with normal circuit operation, and the 
energy should be dissipated in as large a 
volume as is possible. Ciscuit components 
that are particularly sensitive to charge dam- 
age must be protected by structures that are 
less fragile. All Signetics ALS parts are de- 
signed with these requirements in mind, and 
although, as a rule of thumb, a sophisticated 
oxide isolated process used to fabricate 
these parts tends to be more ESD damage- 
prone than a junction isolated process, ALS is 
as rugged as other TTL families in general. if 
ALS parts are handled with the same care 
afforded any other high-technology parts, 
they will not be damaged. 


ESD sources usually fit into one of two 
categories: people or other objects that have 
accumulated static charge and touch the 
parts; or, they generate their own charge, as 
is the case whén a circuit makes sliding 
contact with an insulator. In the first instance, 
Static voltages tend to be high, over 10000V, 
and discharge is usuaily limited by relatively 
high series resistance. In the second case, 
voltages are lower, around 200V, but there is 
very little series resistance to limit discharge 
current. Both possibilities are simulated with 
discharge models that are used in the majori- 
ty of the test setups, and parts are designed 
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in a way to improve survival for both ESD 
conditions. 

Experience has shown that inputs of TTL 
circuits are much more likely to suffer ESD 
damage than outputs. Since negative volt- 
ages are discharged through clamp ground 
diodes with low chip dissipation, only voltages 
positive with respect to-substrate ground are 
apt to produce input damage. 


PNP and diode inputs have a positive voltage 
breakdown in the relatively high range of from 
15V to 25V. Schottky diodes connected to an 
input pin usually break down before junction 
diodes, and if they are stressed beyond their 
limits the Schottky diodes usually sustain 
damage in the corners. A diffusion guard-ring 
around the diode increases the uniformity of 
the breakdown, and as a result maximizes the 
dissipation volurne at breakdown and. in- 
creases the ability of the device to survive 
ESD. All Signetics ALS circuits have guard- 
rings on Schottky diodes that connect to input 
or output pins. 


Signetics ALS parts also have specific ESD 
Structures included which protect up to 2000V 
for the standard resistance limited case — 
the human body model. 


FLOATING INPUTS 

ALS inputs should not be allowed to float. All 
unused inputs, even those on unused gates, 
should be tied to a voitage source of relatively 
low impedance that will get them out of the 
logic picture and out of trouble. For a Low 
input this can be ground, or the output of a 
permanently low driver. For a High input this 
can be Vcc, protected by a series resistor if 
circuit damaging voltage spikes are possible 
in the system, or a permanently high driver. 


Properly tied High or Low inputs will not pick 
up enough spurious noise to cause problems. 
If they are allowed to float, the results can.be 
disastrous. Floating diode inputs usually pull 
to within a few mv of 3Vg¢ above ground, a 
Vee above threshold. The input voltage will 
fall about 1V per 0.1mA of current that is 
capacitively coupled from an adjacent Low- 
going pin. Since pin-to-pin input capacitance 
is in the order of one pF for an IC in a PC 
environment, an adjacent pin falling at 1.0V/ 
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Figure 6. Output Stage Basic Components 


ns couples in about 1.0mA of current, enough 
to switch the input to a Low state for as long 
as the current lasts. The normal ALS circuit 
response will be to switch or oscillate. The 
problem is worse for high-impedance low- 
capacitance PNP inputs than for Diode in- 
puts. In this case the static voltage to which 
they float is determined in part by leakage, 
and is not predictable. 


To reiterate, ALS inputs must not be allowed 
to'float. To do so is to invite serious system 
problems. 


OUTPUT CONSIDERATIONS 

The purpose of the output stage is to supply 
current to a load to force it to a High state or 
to sink current from the load to force it to a 
Low state. The speed at which the load can 
be switched from one state to the other 
depends on how much supply current or sink 
current is available from the output driver. 
There must be an amount in excess of that 
which is required to maintain the static load 
voltage, and it is the excess current that is 
available to charge or discharge the load 
capacitance. Most ALS circuits are designed 
to fit into one of these categories, based on 
output drive capability; the normal output 
stage, the buffer driver which can supply 


Figure 7. Basic Darlington Pull-Up 


June 1987 


approximately twice as much current, and the 
high current drivers designed to drive low- 
impedance terminations. 


Both normal drivers and buffers may be 3- 
State, which means that, in addition to Low 
and High states, they can be forced to a high- 
impedance OFF state as a third possibte 
choice. This allows multiple components to 
be connected to a bus simultaneously, with 
only the single-selected device providing ac- 
tual drive capability. 


The basic components of an output stage are 
shown in Figure 6. 


The pull-down driver components sink load 
currents to force a Low state at the output 
pin; the pull-up driver components supply 
current to force a High state. The control 
components turn on the selected driver and 
turn off the nonselected driver in response to 
the logic input signal. For 3-State parts, the 
control components turn off both drivers if the 
3-State contro! signal is active. The output 
Schottky clamp is included to suppress induc- 
tive undershoots, and is a part of every ALS 
circuit. The load requires a static current to 
keep it in either a logic High or Low state. The 
drivers must also charge and discharge the 
load capacitance C,, which is generally one 
of the major factors that influence switching 
speed. 


Since, to a large extent, they function inde- 
pendently of each other, the pull-up driver, 
pull-down driver, and control blocks are dis- 
cussed independently. 


PULL-UP DRIVERS 


Open-Collector 

The simplest pull-up driver consists of no 
more than a fixed pull-up resistor tied to Voc. 
For this case, the contro! stage interacts only 
with the pull-down driver. In the Low state, 
this must sink the current from both the pull- 
up resistor and Joad. In the High state, the 
pull-up resistor must supply all of the load 
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current. Most often, the pull-up resistor is not 
physically part of the integrated circuit chip 
itself, but is added externally. In this case the 
only circuit element connected to the output 
pad (in addition to the ever-present Schottky 
clamp) is the collector of the pull-down driver 
transistor, hence the name "Open-Collec- 
tor.’ Parts with this output stage can be tied 
together for bus applications. If any of the 
connected pull-down stages is active, it will 
pull the bus Low; only if all of them are off can 
the external resistor pull the bus High. This 
action provides a “‘wired"’ logical function that 
is free in the sense that no additional compo- 
nents are required to achieve it. 


The Open-Collector output voltage depends 
on the load, the value of the pull-up resistor, 
and the voitage to which this is connected. If 
the resistor value is low, the output will rise to 
nearly the full value of the pull-up source 
voltage; in particular, the Open-Collector out- 
put can rise to Voc, a voltage higher than that 
obtainable with a standard Dartington totem- 
pole pull-up. 


Standard Darlington 

Most ALS pull-up drivers use dual transistors, 
connected as shown in Figure 7, with the 
emitter of the first device Q, delivering cur- 
rent to the base of the driver Q,. This 
configuration is cafled a Darlington circuit and 
provides a composite current gain nearly as 
large as the product of the current gains of Qp 
and Qa. 


The major advantage of the Darlington pull- 
up, as compared to the Open-Collector, is 
that the pin is actively pulled high by the 
emitter-follower action of Q, which is capable 
of supplying Jarge currents to quickly charge 
output capacitance. Despite the large output 
current that is available, the drive require- 
ments of Qp are low, so that the voltage drop 
across Ff, is smal, and the pad will pull up to 
a voltage nearly as high as Voc - 2Vpe. 


For the case where the output pin voltage is 
High, the phase-splitter transistor Q, is off, 
and the base of Q, is pulled high by resistor 
Re. The current which flows through R, is just 
sufficient to provide base drive to Qp. The 
base voltage of Qp will be just slightly below 
Voc, and the output pin voltage will be less 
than this by the sum of the Vee drops of Q, 
and Q,, both of which are on. Most of the 
base current for Q, and the. current through 
pull-down resistor Rp is supplied from Voc 
through Rg and Qp. Qp has a Schottky clamp 
to prevent saturation when the current 
through Rg is large. Resistor A, limits the 
amount of current flowing from Voc through 
Qa to a value small enough that Q, will not be 
damaged if the output pin is accidentally 
grounded for a short period of time. This short 
circuit output current is called Ios, and its 
value is approximately the maximum current 


Circuit Characteristics 


TO041408 


Figure &. Basic 3-State Pull-Up 


available to charge the output capacitance at 
the beginning of a Low-to-High transition. The 
minimum current available when the pin has 
reached the minimum guaranteed high voit- 
age Vou is called output high current (toy). 
The maximum output voltage that the pull-up 
driver can achieve occurs at maximum Vcc, 
and at high temperatures with corresponding 
low values of transistor Vee and high current 
gain. Conversely, the minimum high voltage 
occurs at low Vcc and low temperatures. 


In the Low state, the puti-down driver Qy is on 
and the pin voltage is the Qu saturation 
vottage Vsat. Qe is on and its collector 
resistor R, is pulled down to Vag + Veat: the 
Vee of Qg, Vsar Of Qo. Op is also on, with its 
emitter at Vsa7, and the current through Ap is 
low. The base-emitter voltage of Q, is nearly 
zero and:Q, is off. 


Assuming the pull-down is off, the Low-to- 
High transition speed is governed by: 1) the 
rate at which R, can pull-up the base of Q,; 2) 
the amount of pin current required to drive the 
load and charge the load capacitance; 3) the 
value of R,; 4) the physical gize and current 
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gain of Qa, and 5) the amount of Q, base 


drive current that is lost through Ry to ground. 


The pin can be driven above its maximum 
high value by an external pull-up or by posi- 
tive reflections from a transmission line. 
When this happens, Q, and Q, do not have 
sufficient-base-emitter drive to keep them on. 
If the pin voltage rises significantly above 
Vcc, Qa will bagin to leak current into Voc. 


3-State 

For all 3-State ALS parts, the leakage paths. 
to a grounded Vcc pin are blocked with 
Schottky diodes. A typicat 8-State pull-up is 
shown in Figure 11. S, is the series Schottky 
blocking diode. 3-State Schottkys S,; and Siz 
serve to simultaneously turn off the pull-up 
and pull-down drivers. The 3-State control is 
active when it is pulled low to within Vsar of 
ground. In this state it sinks ali the available 
drive current for Qy and Qe, and pulls their 
bases down to (sat + Vschottky), which is 
essentially one Voge. The voltage drop across 
R is large and 3-State power dissipation is 
typically high. Qa and Qp are off for normal 
TTL voltage tanges of the output pin; a 
negative undershoot large enough to drive 
the pin about one Vee below ground will allow 
them to turn on and supply current from Voc; 
this action aids the clamping Schottky diode 
in preventing the pin voltage from falling 
lower. 


PULL-DOWN DRIVERS 

The basic pull-down driver is shown in Figure 
9. Qy is the pull-down driver transistor, a big 
Schottky-clamped device capable of sinking 
large currents. Cg is the stray base-collector 
capacitance of Qy, and its unavoidable pres- 
ence has an important effect on the perfor- 
mance of the pull-down driver. Q, is the 
Schottky-clamped phase splitter. It functions 
as a current-limited, low-impedance driver for 
Qg when the logic input voltage Vix is high, 
and as an inverting driver for pull-up Q, by 
virtue of the current through R, when Vix is 
low and Qc is off. Zg is the pull-down imped- 
ance network which insures that Qg is off 
when Viv is low. 


Switching to the logic Low state occurs when 
Vin is targer than the Vge drops of Q, plus Qy, 
both of which are initially on. Part of the total 
emitter current available from Q, comes from 
Re, which has a voltage drop of Voc- 
Vae- Vsat- The remainder of the Q, emitter 
current is supplied through its base Schottky 
Clamp or by other components not shown in 
Figure 9 but discussed in the section on 
contro! components..A portion of the total Q, 
emitter current is lost in the pull-down net- 
work Zy, the remainder is available as base 
current for pull-down driver Qy. The amount 
of current Qg can sink depends on its base 
drive, its current gain, and its collector voit- 
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-age. This current is specified on a per-part 
basis in the data sheets. Several innovative 
circuit improvements that increase the drive 
current for Qg are shown in Figures 10a and 
10b. Speed-up Schottky diodes S,; and S,2 
have been added to the standard pull-down 
circuit as shown in Figure 10a. Both are 
reveree-biased and off in the High state, since 
Re pulls the collector of Qo nearly to Vcc. 
Both connect the collector of Q, to nodes 
that need to be discharged during a High-to- 
Low transition. S,; to the base of Qa, S,2 to 
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the pin. They will conduct if these node 
voltages are higher than 

Vee + Vsat + Vschottky, Of approximately 
2Vee; they are quite effective above 2Vge. 
Figure 10b shows a dynamic kicker that gives 
an impulse of current which is especially 
useful in discharging high capacitive loads. 


The network of elements labeled Zy in Figure 
9 is the pull-down impedance which insures 
that Qg is off when the value of Vin falls 
below 2Vge. When the voltage at the base of 
Qg is being pulled high by Qc or low by Zy, the 
output pin voltage responds by moving in the 
opposite direction. This produces a change in 
voltage across Cy, which is the sum of the 
base voltage change and the collector volt- 
age change, so the amount of charge re- 
quired by Cg is magnified by a factor which is 
larger than unity. 


This well-known Miller-effect causes the ap- 
parent value of Cy, as perceived by the 
drivers, to be a factor of about five times 
larger than the already large physical junction 
capacitance, all of which means that the 
drivers Q. and Zg need to supply or sink 
much more current during an output transition 
than is necessary to maintain static condi- 
tions. When static conditions do exist inter- 
nally in the circuit, noise voltage spikes on the 
output pin, Voc, of ground can momentarily 
force the base of Qy in the direction to 
produce an output glitch, and the drivers must 
respond quickly to counter this coupled noise. 


A simple Zd element is a resister Rz2 and a 
series Schottky diode to ground. This is 
shown in Figure 11. The Qy base voltage 
cannot pull below a Schottky drop, so that 
switching speed is unimpaired. == | 
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CONTROL COMPONENTS 

This section covers 3-State control drivers, 
special 3-State problems, and Voc turn-on 
current and 3-State glitches during power-up. 


3-State Control Drivers 

The normal TTL 3-State scheme is shown in 
Figure 8. The 3-State control voltage in the 
OFF state is high enough that S;; and Si2 are 
reverse-biased; in the active state the control 
voltage is low, usually Vga, so that the 
Qa~Qp base emitter stack is off, as is the 
Q_-~Qg stack. In the 3-State mode, Re is 
dissipating maximum power. Blocking 
Schottky diode S, prevents current from flow- 
ing backwards through Qa, if the Vcc pin is 
grounded; the output pin high voltage. can be 
about 4.5V before there is any significant 3- 
State leakage current. / 


There are several innovative improvements to 
the basic 3-State circuit, as shown in Figure 
12. The addition of inverter Q.2- Reo with a 
blocking Schottky Sco allows the addition of 
feedback diodes Sg; and Sgp to increase lay; 
See cannot be included in series with Roy 
because its forward voltage drop would lower 
Vou. 3-State power is not increased, since 
only one R,1 is pulled low. The current 
through Qco is available as added base drive 
to Qg, so nothing is wasted: ‘An additional 
transistor may be paratieled with Q,; and Q,o 
to controf an active pull-down version of 
impedance Zg. 


Icc Cansiderations 

There is no formal family specification that 
limits the amount of Voc current an ALS 
circuit may draw during turn-on as Vcc rises 
from zero to 4.5V. However, an effort has 
been made to limit maximum turn-on loc to 
110% of iccmax. This precaution prevents an 
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undesirable system situation where the Vcc 
power supply is large enough to drive the 
devices, but can't power them up. The major 
component of turn-on current is Vcc to 
ground feed-through of output stages. Uniess 
specific steps are taken to prevent it, the pull- 
up Darlington turns on if Vcc i$ greater than 
2Vge_, and remains on until the on-chip volt- 
age is high enough to set the phase splitter 
solidly in one or the other ‘of its two states. 
The solution is to incorporate extra circuit 
components that will set the phase splitter at 
voltages nearly as low as 2Vg_, or-turn off the 
top device with a separate 3-State type struc- 
ture which activates at low Voc voltages and 
becomes inoperative when Vcc is high. 


The amount of current that can be fed. from 
an output pin back into a grounded Voc pin, 
or through the chip to ground for an open Voc 
pin, depends on the design. Generally, 3- 
State feedback current is specifically limited 
to low vaiues which are leakage or break- 
down related. Other parts have medium cur- 
rent. , 


Most 3-State parts, especially selected buffer 
functions, have additional circuit elements to 
insure that as they power on they source or 
sink no appreciable output current, provided 
that the 3-State control pins are in the active 
state as Vcc rises. This means that Voc can 
be turned on or off at will in the system to - 
conserve power, and bus voltages will not be 
affected. Parts with this capability are identi- 
fied in the. specific data sheets. 


GROUND VOLTAGE AND 
OTHER NOISE PROBLEMS 


Ground Voltage As A Serious 
Problem 

Excessive ground noise voltage in a system 
usually produces serious degradation of 
switching speed. It may also produce unwant- 
ed glitches on outputs, or spurious clocks 
which cause flip-flops to lose data, or relax- 
ation oscifiations that completefy disrupt a 
system: itis, without doubt, one of the major 
causes of logic systems failure ... difficutt to 
accommodate, and difficult to eliminaté. 


Well planned PC board layout is vital, and 
multilayer boards with ground and Vcc planes 
are often desirable. Great care must be taken 
to insure adequate bypassing for Voc. The 
problems are not trivial, but they can be 
solved satisfactorily. 


Sources Of Ground Noise 

Ground tead inductance is the source of most 
ground noise voltage; it causes a voltage 
drop proportional to the rate at which the 
current through it changes. 


Inductance is a measure of the amount of 
energy stored in the magnetic field associat- 
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ed with a current. Low values-of inductance 
imply low energy, which means iow voltage 
required to affect a change in current. As a 
general rule, inductance decreases as current 
is allowed.to spread out in space, and current 
interactions decrease. The inductance. of a 
thin wire far removed from the return current 
path is high; that of a large conductor coaxial- 
ly encircled by the return path is low. induc- 
tance tends. to increase faster than finearly 
wit conductor length, but only approximately 
logarithmically with decreasing cross-section 
dimensions. From a logic system viewpoint, 
ground planes are better than ground traces; 
wide lines are better than narrow lines; close 
spacing to planes is. good; loops that aliow 
magnetic flux linkages are bad; wire lengths 
of fractions of inches count; and sockets with, 
tong pins add significant inductance toa PC 
card. 


Ground. noise voltage is nerence by feed- 
through current spikes. These occur when 
both top and bottom devices of the output 
totem-pole driver are on simultaneously, and 
heavy currents are allowed to flow directly 
from Vc to ground. They can be minimized in 
one of two ways: drive the devices such that 
one is turned off before the other can turn on, 
Or more commonly, drive them together, but 
very ‘fast, so the féed-through current can 
flow tor only a stort time. 


Although. most ground Noise rasults from 
ground inductance, resistance also contrib- 
utes. Static ground offsets unrelated to rates 
of current change occur, and add to the total 
ground voltage. Generally speaking, those 
measures which reduce ground inductance 
also reduee ground resistance. 


Estimating The Magnitude Of 
Ground Noise 
The accurate modeling of ground. noise-relat- 
ed problems in logic design is. a complex 
Procedure that requires numerical analysis to 
determine system currents and voltages as a 
function of. time. This. can only be accom- 
plighed.in a satisfactory manner. it-one has 
reasonable electrical models, especially . for 
input stages and. output drivers of the inte- 
grated circuits used in the. system. Signetics 
is prepared to assist customers in solving the 
sometimes formidable problems associated 
with large system’ ‘simulation. 


The fotlowing discussion derives the minimum 
peak-value of ground noise that will occur as 
an integrated. circuit discharges a.capacitor 
through ground lead inductance. It points out 
the minimum’ problems that will exist. In the 
real world, the peak ground voltage will ‘al- 
ways ‘be larger than the simpie- Gerivation 
Predicts. ~ 


The toad capacitor C and its discharge path 
are shown in Figure 20. The capacitor has 
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been previously charged to a positive voltage, 
and is discharging through pull-down transis- 
tor Qg and lead ground inductance L,. As the 
current changes, it develops a ground voltage 
Vg across Lg that is equai to the product of Ly 
times the rate at which it changes. 


The discharge.current ly will vary with time; 
starting from Zero, it will increase to a maxi- 
mum. value, and then eventually return to 
zero. There af ‘an infinite number of ways Iq 
cafl vary, depending on how the transistor 
allows charge to flow ‘at any instant in time, 
but each of the possible current-vs-time dis- 
charge curves must define the same area, 
equal in value to the total charge Q that is 
removed from the capacitor as its voltage 
fatis by an amdunt Vv. 


The voltage. drop. Vg across the inductor at 
any instant in time will be determined by the 
slope of the current-vs-time curve, that is, by 
the rate at which, current is changing. The 
unique curve that has the required area and 
minimum siope is triangular, as shown in 
Figure 14. The ground voltage for this case is 
@ square wave as shown in Figure 15. It will 
be positive while the current is increasing, 
and negative when the current is decreasing. 


The equations of interest in estimating: Vg 
are: 


T 

Charge = @:= Cy = Imax = triangle area 

Ground voltage = Vg = (triangle slope)(L) 
2 Imax L 


T 
Combining the two equations to eliminate 
Imax gives: 

4CVL 

Vora 

This lower limit of peak ground voltage will 
always be exceeded in the real wortd, where 
ground voltages are usually spikes, not 
Square waves. {f a spike is large enough and 
long enough, the chip will erroneously recog- 
nize it as a valid input, and respond either by 
glitching, stowing down, clocking incorrectly, 
‘or oscillating. 
An example using values typical for an ALS 
Circuit in a 16-pin DIP illustrates the potential 
for trouble. If the circuit discharges one stan- 
dard ALS load of 50pF in 2ns with a voltage 
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change of 3V through a ground inductance of 
1OnH, the minimum ground voltage will be: 


4X 60 x 10°12 x 3 x 10 x 10°? 


‘* (2x 10% 


=1.5V 


This value is high, and suggests that if transi- 
tion times are not to be seriously degraded, 
inductances must be kept as small as possi- 
‘ble, and loads. must be minimized. 


Effects Of Ground Noise On 
Input Stages 

ALS input voltages are referenced to system 
ground as illustrated in Figure 16 which 
shows an equivalent input and output stage. 
The equivalent input circuit is represented by 
Rin and the four diodes D1 through D4. 
These components establish an input switch- 
ing threshold voltage of 2 Vee relative to chip 
ground. The on-chip voltage Vin must be 
different’ from this value by a margin‘ large 
enough to guarantee a static Low or High with 
sufficient overdrive to insure switching speed. 
The on-chip voltage Vm, that is actually avail- 
able is the difference between the input pin 
voltage Very and the total ground voltage 
noise Vg. Vg is the sum of the steady state 
voltage due to ground current flowing through 
Fig, and the inductive voltage drop across Ly. 
The inductive voitage is usually the larger of 
the two,-and since it depends on current 
changes, it will have both positive and nega- 
tive polarities for each switching cycle. This 
means that either Low or High input voltages 
which are;too close to switching threshold will 
allow the noise margin to be exceeded, and if 
the ground voltage noise persists long 
enough, the input will switch erroneously. The 
result of this depends on the chip function. 
Combinatorial logic usually slows down or 
Produces output glitches. Latches and flip- 
flops may. be clocked inadvertently, and 
stored data will be lost. Complex circuits that 
have multiple outputs may oscillate, particu- 
larty if one. polarity of ground noise results in a 
rapid change of ground current that produces 
the opposite polarity ground noise. 

Ground noise adds a dimension of difficulty in 
measuring input threshold voltage. ALS parts 


-. afe@ guaranteed to have input thresholds be- 
“tween the limite 0.8V and 2.0V. A typical 


méthod of verifying this is to determine the 
voltage at which the input actually switches. 
This requires some care, since the true 
threshold voltage is masked by any noise 
voltage contributed by the test system or 
ground inductance. For accurate results, the 
input pin voltage should approach the switch- 
ing threshold slowly and smoothly. At thresh- 
old the input will switch. Sensing this point is 
easy for those circuits where an output also 
switches, glitches, or oscillates. It is much 
harder to gerige this point for those circuits 
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where an input change produces no output 
change, for example, with flip-flops which 
change state only when clocked. The input 
switch point for these devices can be inferred 
by measuring the input current as a function 
of input voltage. Clocking the part may pro- 
duce enough ground noise to distort the 
measurement, even if the output doesn't 
switch. : 
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Figure 14 


— 


Figure 15 


Effects Of Ground Noise On 


Output Stages 

The most obvious effect that ground noise 
has on output stages is to directly change the 
voltage available to force discharge current 
through the pull-down device. If the only 
source of ground voltage is from the particu- 
lar output of interest, the ground and output 
pin inductances will always stow down a High- 
to-Low transition. They produce a voltage in 
opposition to the output pin voltage at the 
beginning of the discharge when currents 
tend to be high and voltage changes rapidly. 
As discharge continues, the available drive 
decreases, and currents increase less rapidly. 
Eventually the current begins to fail, and the 
ground voltage reverses polarity, which tends 
to limit the rate at which the current de- 
creases. If currents have been high, and the 
inductances are iarge, there may be substan- 
tial undershoot at the end of the switching 
cycle which can drive the output pin below 
ground. 


If multiple outputs are switching simuita- 


neously, the total ground noise needs to be 
considered to determine the result for a 


particular output. For this case, it can happen - 
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that ground noise will, in tact, speed up an 
output; on the other. hand, it may introduce 
delays that are much larger than those possi- 
ble with single output switching. This behavior. 
makes it difficult. to predict, except on.a case 
by case basis, what the actual effects of 
multiple output switching will be. Curves of 
delay vs multiple switching fave been pub- 
lished, but these serve only as rough guides 
to indicate potential problems, and need to be 
backed Op with actual analysis for any partic- 
ular application. : 


in addition to the direct influence on dis- 
charge voltage, excessive ground noise can 
affect the operation of the control compo- 
nents, and alter both rise and fall times by 
driving pull-up or puil-down stages incorrectly. 
One example of this can be understood with 
reference to Figure 17. The scenario is that 
the output pin is Low, but on the verge of 
switching High, with Vix falling and Q, ready 
to turn off. A probiem occurs if, at the instant 
before the pull-up transistor Q, turns on to 
pull the output pin high, the voltage from 
output pin to chip ground falls. This can 
happen as a result of inductive undershoot 
driving the output pin down, or by a rise in 
ground voliage caused by currents compiete- 
ly urwelated to the output of interest. The tow 
output-pin-to-chip-ground voltage pulls down 
the emitter of Q, through Schottky clamp 
diode Sy, and if Vy is not low enough to 
counteract this, Q, will not turn off. The net 
result is that R, cannot rise, and the transition 
is delayed unti! the noise voltage from output 
to ground disappears. 


Vec Noise As An Additional 


Problem 
inductance in the Voc lead produces noise in 
the on-chip Voc voltage that is entirely analo- 


gous to ground voltage. The effects of Vcc 
noise can be nearly as harmful ‘as those 
produced by ground noise, the only significant 
difference being the fact that. TTL input volt- 
ages are referenced to ground instead. of 
Vee: 


The first symptom of excessive Vcc inductive 
Voltage drop is a change in the edigé rate fora 
Low-to-High: transition. This ‘wilt decrease if 
the on-chip Vcc falls, and incrdase if it rises. If 
the ground to Vcc voltage falls below a 
minimum value, .internal circuit delays or 
glitches can occur,.and functions. with flip- 
flops or other sterage elements may lose 
data. Asis the case with excessive ground 
noise, ALS circyits may break into relaxation 
ascillation. 

Because Vcc to ground voltage must remain 
above a minimum value to avoid logic errors 
and glitches, it is absolutely vital that Vcc to 
ground bypassing is adequate. This requires 
low inductance Vcc and ground PC traces, 
and low ‘inductance bypass capacitors. ALS 
parts are guaranteed to function properly for 
tow Vcc of 4.5V. This means that pin voltages 
must not fall below this value for any appre- 
ciable time: fractions of nanoseconds. Vcc 
system voltage should be close to the maxi- 
mum guaranteed value for safe system de- 
sign. 

Designing To Reduce The 
Effects Of Ground Noise 

The typical 1.5V minimum vatue for ground 
noise, calculated in the preceeding example, 
points out the possibility of noise-related 
problems when only one standard 5OpF load 
is being driven by an output stage. Simutta- 
neous switching of more than one such load 
obviously increases the risk of trouble, and 
raises the question of how an octal part can 
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REMAINING EQUIVALENT 


OUTPUT STAGE 


Figure 16. Equivaient Input and Output Stage 


Circuit Characteristics 


work at all. Fortunately, the real world, with 
careful PC layout, is not usually so grim. 


The standard SOpF load is a lot of capaci- 
tance, chosen so one can estimate the chip 
response for a single output switching under 
conditions that approach worst case. On a 
modern PC board a wire trace that has 50pF 
Stray capacitance is several feet long and 
looks like a resistive aay line instead of a 
lumped capacitor. ; 


Traces on a PC card must be short to behave 
like lumped capacitance for an output stage. 
For this case, a major contributor to driver 
current is the load’ presented by the input 
stages of the driven circuits, and the associat- 
ed stray capacitance. As previously men- 
tioned, the input current for ALS parts is 
related to edge rates, and is generally larger 
than the measured static value of input ca- 
Pacitance would predict. Because Of this, the 
useful fan-out of ALS circuits may be more 
dependent on ground noise of drivers with 
heavy capacitive loads than on the amount of 
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current available to a static DC load, which is 
the guaranteed data sheet vatue. 


Most of Signetics' ALS parts are available in 
surface mount packages, and these have 
lower ground inductance than the standard 
DIP parts. 


Inductance of output signal pins reduces the 
tate at which associated. ground current can 
change, and this reduces ground noise volt- 
age without a corresponding reduction of 
Static output voltage. This inductance may be 
intentionally increased by adding trace length 
on the PC board; one needs to be careful, 
and anticipate the increase in output ringing 
during switching transitions. 


In summary, there are many potential Prob- 
lems that one can anticipate in logic systems 


with fast edge rates. Some of these are. 
dependent on the available components and: 


their respective. packages, and the system 
designer must be certain that the demands 
made of them are not more than they can 
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handle. A second major consideration is the 
system layout, especially from the standpoint 
of ground, Voc, and signal lead inductance. 


Figure 17 
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Design Considerations .. 0.6.2... cece certs 


INTRODUCTION 
Signetics' ALS data sheets have been config- 
ured for quick usability. 


They are self-contained and should require 
minimum reference to other sections for am- 
plifying information. 


TYPICAL PROPAGATION DELAY 


AND SUPPLY CURRENT 

The typical propagation delays listed at the 
top of the data sheets are the average 
between tp, and tp}, for the most significant 
data path through the part. 


in the case of clocked products, this is 
sometimes the maximum frequency of opera- 
tion. In any event, this number is under the 
operating conditions of Voc = 5.0V and 
Ta = 25°C. 


The typical loc current shown in that same 
specification block is the average current (in 
the case of gates, this will be the average of 
the Iocy and Icc currents) at Voc = 5.0V and 
Ta = 25°C. it represents the total current 
through the package, not the current through 
the individual functions. 


LOGIC SYMBOLS 

There are two types of logic symbols. The 
conventional one, “Logic Symboi,"’ explicitly 
shows the internal logic (except for complex 
logic). The other is “Logic Symbol (IEEE/ 
IEC)"' as developed by the IEC and IEEE. The 
International Electrotechnical Commission 
(IEC) has developed a very powertul symbolic 
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language than can show the relationship of 
each input of a digital logic circuit to each 
output without explicitly showing the internal 
logic. Internationally, Working Group 2 of IEC 
Technical Committee TC-3 is preparing a new 
document (Publication 817-12) that will con- 
solidate the original work started in the mid- 
1960's and published in 1972 (Publication 
117-15), and the amendments and supple- 
ments that have followed. Similarly, for the 
U.S.A., IEEE Committee SCC 11 has revised 
the publication IEEE Std 91/ANS! Y32.14- 
1973, 


The updated version JEEE Standard Graphic 
Symbols for Logic Functions ANSI/IEEE Std 
91-1984 (Revision of ANSI/IEEE Std 91-1973 
[ANSI Y32.14-1973]) can be ordered through: 


IEEE Service Center 

445 Hoes Lane 

Piscataway, New Jersey 08854 
Phone (201) 981-0060 


ABSOLUTE MAXIMUM RATINGS 
The Absolute Maximum Ratings table carries 
the maximum limits to which the part can be 
subjected without damaging it. There is no 
implication that the part will function at these 
extreme conditions. Thus, specifications such 
as the most negative voltage that may be 
applied to the outputs only quarantees that if 
less than -0.SV is applied to the output pin, 
after that voltage is removed, the part will still 
be functional and its useful life will not have 
been shortened. 


input and output voitage specifications in this 
table reflect the device breakdown voltages 
in the positive direction (+7.0V) and the 
effect of the clamping diodes in the negative 
direction (-0.5V). 


Absolute maximum ratings imply that any 
transient voltages, currents, and tempera- 
tures will not exceed the maximum ratings. 
Absolute maximum ratings are shown in Ta- 
ble 1. 


RECOMMENDED OPERATING 
CONDITIONS 

The Recommended Operating Conditions ta- 
ble has a dual purpose. It sets environmental 
conditions {operating free-air temperature), 
and it sets the conditions under which the 
limits set forth in the DC Electrical Character- 
istics table and AC Electrical Characteristics 
table will be met. Another way of looking at 
this table is to think of it not as a set of limits 
guaranteed by Signetics, but as the condi- 
tions Signetics uses to test the parts and 
guarantee that they will then meet the timits 
set forth in the DC and AC Electrical Charac- 
teristics tables. 


Some care must be used in interpreting the 
numbers in these tables. Signetics feels 
strongly that the specifications set forth in a 
data sheet should reflect as accurately as 
possible the operation of the part in an actual 
system. In particular, the input threshold val- 
ues of Vi and Vi_ can be tested by the user 
with parametric test equipment ... if Vin and 
Vii are applied to the inputs, the outputs will 
be at the voltages guaranteed by DC Electri- 
cal Characteristics table. There is a tendency 


Table 1. ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of 
the device. Unless otherwise noted these limits are over the operating free-air 


areal 


Supply voltage 
Input voltage 
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temperature range.) 


Vout Voltage applied to output in High output state 
lout Current applied to output in Low output state 
Operating free-air temperature range 


Storage temperature range 


Standard outputs 
3-State and butfer 


-1 version outputs 


H 
io 


74F 
-0.5 to +7.0 
-0.5 to +7.0 
-30 to +5 
-0.5 to +Voc 


UNIT 


0 to +70 
~65 to +150 


o| @ 
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On the part of some users to use Viy and Vi, 
as Conditions applied to the inputs to test the 
part for functionality in a ''truth-table exercis- 
er’ mode. This frequently causes problems 
because of the noise present at the test head 
of automated test equipment. Parametric 
tests, such as those used for the output levels 
under the Vi, and Vy conditions are done 
slowly, on the order of milliseconds, and any 
noise present at the inputs has settled out 
before the outputs are measured. But in 
functionality testing, the outputs are exam- 
ined much faster, before the noise on the 
inputs has settled out and the part has 
assumed its final and correct output state. 
Thus, Vi and Vi_ should never be used in 
testing the functionality of any ALS part type. 
For these types of, tests, input voltages of 
+4.5V and 0.0V should be used for the High 
and Low states, respectively. 


In no way does this imply that the devices are 
noise sensitive in the final system. The use of 
“hard Highs and Lows during functional 
testing is done primarily to reduce the effects 
of the noise typically present at the test 
heads of automated test equipment especial- 
ly when using cables that may at times reach 
several feet. The situation in a system on a 
PC board is less severe than in a noisy 
production environment. Typical recom- 
mended operating conditions are shown in 
Table 2. 


DC ELECTRICAL 
CHARACTERISTICS 

This table reflects the DC limits used by 
Signetics during their testing operations con- 
ducted under the conditions set forth in the 
Recommended Operating Conditions tabte. 


Vou and Vo, values vary depending on the 
Voc values specified and the type of output 
structure; standard, 3-State, or buffer. Gener- 
ally, as the output current and Vcc variations 
increase, the guaranteed minimum Vo, de- 
creases and the maximum Vo, increases. 
Signetics specifies and tests Voy and Vo, for 
10% Voc swings. 


|, the maximum input current at maximum 
input voltage, is a measure of the input 
leakage current at a guaranteed minimum 
input breakdown voltage. The test conditions 
for | vary according. to the type of input 
structure being tested. PNP and Diode inputs 
are tested with Vcc = MAX and 7.0V at the 
input. When |, is being measured on trans- 
ceiver 1/O pins, both Vcc and the input 
voltage are 5.5V. The reduced input voltage is 
necessary because of the output structure 
connected to the input structure. Output 
structures break down sooner than input 
Structures and it is impossible to test the input 
without testing the output also. 


lin for both Diode and PNP input structures is 
fess than 20uA typically. |, is less than 
100uA tor PNP inputs and less than 200uA 
for Diode inputs. if multiple input structures 
are tied together in the design, then the input 
current values also multiply. 


For transceiver |/O pins the outputs are in the 
High-impedance state when the inputs are 
tested. Therefore, the small amount of extra 
feakage is combined with the In, and I 
specifications. 


fozH iS tested with setup conditions that 
would put the output in the High state if it 
were not in the 3-State High-impedance con- 
dition. loz. is similar except the setup condi- 
tion is for the Low state. 


Table 2. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 


Supply voltage 


input clamp current 
High-fevel output voltage 


Emer 
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High-level output current 


PARAMETER 


[Open totes, 
ae a 


eal 
Ce ee 
eee 


Operating free-air temperature range 


lon is tested only on Open-Collector outputs 
as a leakage test for the lower output transis- 
tor structure. Vcc is less than Voy so that 
there is not a current path to or from Voc that 
would mask the leakage. 


10 is approximately one half of the true short- 
circuit output current value. It is measured at 
¥2 Voc in a linear region of the low-state 
output current characteristics. This method of 
testing allows indirect measurement of the 
current available for capacitive load charging 
while. avoiding test problems of over-heating 
and potential circuit damage associated with 
IOS tests. 


DC electrical characteristics are shown in 
Table 3. 


AC ELECTRICAL 
CHARACTERISTICS 

The AC Electrical Characteristics table (see 
Table 4) contains the guaranteed limits when 
tested under the conditions set forth in the 
AC Test Circuits and Waveforms section. In 
some cases, the test conditions are further 
defined by the AC setup requirements (see 
Table 5)—this is generally the case with 
counters and flip-flops where setup and hold 
times are involved. 


All of the AC characteristics are guaranteed 
with SO0pF load capacitance. The reason for 
choosing S0pF over 15pF as load capaci- 
tance is that it allows more leeway in dealing 
with stray capacitance, and also loads the 
device during rising or falling output transi- 
tions, which more closely resembles the load- 
ing to be expected in average applications, 
thus giving the designer more useful delay 


figures. 
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LIMITS? 


of about 1ns for ALS devices, it will increase _ resistor. option. 
SYMBOL “PARAMETER! UNITS | vet | 


Although the 50pF load capacitance will in- The load resistor of 5002 is conveniently. ALS products are being released in the sur- 
several ns for standard Schottky devices. 
Vic [Input lamp sie votage n= 18m ee 


+4 
3 
o 


crease the propagation delay by an average specified as both a pull-up and pull-down load tace-mounted SO package as a commercial 
Table 3. DC ELECTRICAL CHARACTERISTICS 
Pv [av s10% | 


Output High voitage 


2 @ 
> wn 
oo 
ale 
2/3 


Output Low voltage 


2 
Fy 
a 


4.75V 


ven dig =aema ios [os 
bese wows [vwnrov ttt 
anon | |_| 


MAX 
: . Vit = 0.4V 23 
oom mows [aman uw uty | | (m8 
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Input High current 
breakdown test 


Vi = 0.4V 


2 

t 

ie 

8 

cS} 
a 


{-100pA X n Low ULL.) | | 
Vout = 2.7V aa 
Vout = 0.4V az 
Vou = 5.5V — ; | 
Vout = 2.25V 


eppp 
= = 


MA 


NOTES: 

1. Unless otherwise noted, conditions and limits apply throughout the temperature range for which the particular device type is rated. The ground pin is the reference 
level for ail applied and resultant voltages. 

2. Unless otherwise stated on individual data sheets. 

3. Typical characteristics refer to Ta = +25°C and Voc = +5.0V. 

4.MIN and MAX refer to the values listed in the data sheet table of recommended operating conditions. 

5. Standard refers to the totem-pole pull-up circuitry commonly used for the particular family, as distinguished from buffers, jine drivers or 3-State outputs. 

6. The output conditions have been chosen to produce current that closely approximates one haif of the true short-circuit current, los: 
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Table 4. AC ELECTRICAL CHARACTERISTICS 


Ta =0°C to +70°C 
Vec = +5.0V + 10% 
SYMBOL : PARAMETER TEST CONDITION C. = 50pF - 


tPLH Propagation delay : 
=~ [ween [Te | 
74ALS373 P 


tezH Output Enable time Waveform 4 14.0 
ez. to High or Low level Waveform 5 14.0 
tpyz Output Disable time to Waveform 4 10.0 
’ teiz High or Low level Waveform 5 12.0 
awe | Mariam cock reaver Wevetom |) we | 
ban cP page Selay | wows [2 | Be [om 
74ALS374 
tpzH Output enable time Waveform 4 14.0 
L to High or Low level Waveform 5 14.0 


tezi 
Output Disable time 


ee 7, to High or Low level 


Table 5. AC SETUP REQUIREMENTS ‘ 


Ta =0°C to +70°C 
Vee = +5.0V + 10% 


PARAMETER 


t,(L) D, to E 
me 7AALS373 ee ee ee 
| wants [| soo | | 
aie ae 
wil) De cP T4ALSF374 | wowems | 38 [fw | 
tas [veo foe [Te | 
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Wavetorm 6. 3-State Output Enable Time to High Level 
and Output Disable Time from High 


E Vor +0.3V — 


WEQSOTAS 
Wavetorm 7. 3-Gtate Output Enable Time to Low Level 
and Gutput Disable Time ‘from Low Level 


: NOTE: For all wavelorme, Vig = 1.3V. : ee. 
The shaded dross incicalg wher the input is perminied t to change for predictable output performance. 


Figure 1. AC: Waveforma 
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TEST CIRCUITS AND 
WAVEFORMS - 


The 50022 load resistor, R, to ground, as 


Gescribed in Figuré 2, acts as a ballast to *” 


Slightly load the totem-polé pull-up and limit 

the quiescent High state voltage to about 
' +3.5V. Otherwise, an output would rise quick- 
ly to about +3.5V, but then continue to rise 
very slowly up 6 about + 4.4V. On the subse- 


quent High-to-Low transition, the observed - 


tex. would vary slightly with duty cycle, de- 
Pending on how long the output voltage was 
allowed to rise before switching to the Low 
state. Perhaps, more. importantly, the 5009? 
resistor to ground can be a high-frequency, 
passive: probe for -a sampling scope, which 
Costs much less than the equivalent high- 


impedance probe. Alternatively, the 5009. 


load to ground can simply be a 45022 resistor 
feeding into a 5082 coaxial cable leading to a 
sampling scope input connector, with the 
internal 502 termination of the scope com- 
pleting the path to ground. Note that with this 
scheme there shquld be a matching cable 
from the devicé input pin to the other input of 
the sampling scope; this also serves as a 
5022 termination for the putse generator that 
Supplies the input. signal. 


Figure 3, Test Circuit for 3-State Outputs, 
shows a second 50082 resistor from the 
device output to a switch. For most measure- 
ments this switch i open; it is closed for 
measuring a device’ with Open-Collector out- 
puts and for measuring one set of the En- 
able/Disable parameters (Low-to-OFF and 
OFF-to-Low) .of a 3-State output. With the 
switch closed, the pair of 500Q resistors and 


the +7.0V supply establish a quiescent High . FS 


level of + 3.5V, which corretates with the High 
level discussed in the Preceding paragraph. 


As shown in Figure 1, AC Waveforms, the 
disable times are measured at the point 
where the output voitage has risen or fallen 
by 0.3V from the quiescent level (j.¢., Low for 
tprz or High for tpyz). 


Since the rising or falling waveform is RC- 
controlled, the 0.3V of change is more linear 
and is less susceptible to external influences. 


More importantly, from the system designer's 
point of view, 0.3V is adequate to ensure that 
a device output has tumed OFF. it also givés 
system designers more realistic delay times 
to use in caiculating minimum cycie times. 
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DEFINITIONS 


see AC CHARACTERISTICS for value. 


Of pulse generators. 


DEFINITIONS 


see AC CHARACTERISTICS for value. 


of pulse generators. 


Good, high-frequency wiring practices should 
b@ used in constructing test jigs, Leads on the 
load capacitor should be as short as possible 
to minimize ripples om-the ‘output waveform 
transitions and to minimize undershoot. Gen- 
6rous ground meta! (preferably a ground 
Plane) should be used for the same reasons. 
A Voc bypass capacitor should be provided at 
the test socket, also with minimum lead 


R= Load resistor; see AC CHARACTERISTICS for value. ~ 
C, = Load capacitance includes jig and probe capacitance; * ‘ 


Rr = Termination resistance should be equal to Zour 


Figure 2. Test Circuit for Totem-Pole Outputs 


Ry = Load resistor, see AC CHARACTERISTICS tor value. 
C, = Load Capacitance includes jig and probe capacitance; 


Ry = Termination resistance should be equal to Zour 


Figure 3. Test Circuit for 3-State and Open-Coltector (OC) Outputs 


lengths. input signals should have rise and 
fall times of 2.0ns, and signal swing of OV to 
+3.5V, 1.0MHz square wave is recom- 
mended for most propagation delay tests. 
The repetition rate must necessarily be in- 
creased for testing fyax. Two pulse genera- 
tors are usually required for testing such 
parameters as setup time, hold time, recovery 
time, etc. 


oe ee 8  ——————————eeS 
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DC SYMBOLS AND 
DEFINITIONS 
Voltages — All voltages are referenced to 


ground. Negative-voltage limits are specified 
as absolute values (i.e., ~10V is greater than 


-1.0V). 


Vee 


Vikmax 


Vin 


Viemin 


Vie 


Vitmax 


Vm 


Vormin 


Voumax 


Vr+ 


Supply voltage: The range of pow- 
er supply voltage over which the 
device is guaranteed to operate 
within the specified limits. 


Input clamp diode voltage: The 
most negative voltage at an input 
when the specified current is forced 
out of that input terminal. This pa- 
rameter guarantees the integrity of 
the input diode intended to clamp 
negative ringing at the input termi- 
nal. 


Input High voltage: The range of 
input voltages recognized by the 
device as a logic High. 


Minimum input High voltage: This 
value is the guaranteed input High 
threshold for the device. The mini- 
mum allowed input High in a logic 
system. 


input Low voltage: The range of 
input voltages recognized by the 
device as a logic Low. 


Maximum input Low voltage: This 
value is the guaranteed input Low 
threshold for the device. The maxi- 
mum allowed input Low in a logic 
system. 


Measurement voltage: The refer- 
ance voltage level on AC wave- 
forms for determining AC perfor- 
mance. Usually specified as 1.3V 
for the ALS family. 


Output High voitage: The mini- 
mum guaranteed High voltage at 
an output terminal for the specified 
output current Io4 and at the mini- 
mum Voc value. 


Output Low voltage: The maxi- 
mum guaranteed Low voltage at an 
output terminal sinking the speci- 
fied load current lov. 


Positive-going threshold voit- 
age: The input voitage of a variable 
threshold device which causes op- 
eration according to specification 
as the input transition rises from 
below V7. (Min). 
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Vr 


Negative-going threshold volt- 
age: The input voltage of a variable 
threshold device which causes op- 
eration according to specification 
as the input transition falls from 
above V7. (Max). 


Currents — Positive current is defined as 
conventional current flow into a device. Nega- 
tive current is defined as conventional current 
flow out of a device. All current limits are 
specified as absolute values. 


'oc 


Nw 


lov 


tozt 


Supply current: The current flow- 
ing into the Vcc supply terminal of 
the circuit with specified input con- 
ditions and open outputs. Input 
conditions are chosen to guarantee 
worst-case operation unless speci- 
fied. 


Input Jeakage current: The cur- 
rent flowing into an input when the 
maximum allowed voltage is ap- 
plied to the input. This parameter 
guarantees the minimum break- 
down voltage for the input. 


input High current: The current 
flowing into an input when a speci- 
fied High-level voltage is applied to 
that input. 


Input Low current: The current 
flowing out of an input when a 
specified Low-level voltage is ap- 
plied to that input. 


Output current: The output current 
that is approximately one half of 
the true short-circuit output current 
(igs). 


Output High current: The leakage 
current flowing into a turned off 
Open-Collector output with a speci- 
fied High output voltage applied. 
For devices with a pull-up circuit, 
the lox is the current flowing out of 
an output which is in the High state. 


Output Low current: The current 
tlowing into an output which is the 
Low state. 


Output short-circuit current: The 
current flowing out of an output 
which is in the High state when that 
output is short circuit to ground. 


Output off current High: The cur- 
rent flowing into a disabled 3-State 
output with a specified High output 
voltage applied. 
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Output off current Low: The cur- 
rent flowing out of a disabled 3- 
State output with a specified Low 
output voltage applied. 


AC SYMBOLS AND 
DEFINITIONS 


fax 


tPLH 


tPHL 


tpHz 


tpiz 


tezH 


fez 


Maximum clock frequency: The 
maximum input frequency at a 
Clock input for predictable perfor- 
mance. Above this frequency the 
device may cease to function. 


Propagation delay time: The time 
between the specified reference 
points on the input and output 
waveforms with the output chang- 
ing from the defined Low level to 
the defined High level. 


Propagation delay time: The time 
between the specified reference 
points on the input and output 
waveforms with the output chang- 
ing from the defined High level to 
the defined Low fevel. 


Output disable time from High 
level of a 3-State output: The 
delay time between the specified 
reference points on the input and 
output voltage waveforms with the 
3-State output changing from the 
High level to a high-impedance 
"OFF" state. 


Output disabie time from Low 
level of a 3-State output: The 
delay time between the specified 
reference points on the input and 
output voltage waveforms with the 
3-State output changing from the 
Low level to a high-impedance 
“OFF” state. 


Output enable time to a High 
level of a 3-State output: The 
delay time between the specified 
reference points on the input and 
output voltage waveforms with the 
3-State output changing from a 
high-impedance OFF" state to 
High level. 


Output enable time to a Low 
level of a 3-State output: The 
delay time between the specified 
reference points on the input and 
output voltage waveforms with the 
3-State output changing from a 
high-impedance "OFF" state to 
Low level. 
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Hold time: The interval immediate- 
ly following the active transition of 
the timing pulse (usually the Clock 
pulse) or following the transition of 
the contro! input to its latching 
level, during which interval the data 
to be recognized must be main- 
tained at the input to ensure its 
continued recognition. A negative 
hold time indicates that the correct 
logic level may be released prior to 
the active ‘transition of the timing 
pulse and still be recognized. 


Setup time: The interval immedi- 
ately preceding the active transition 
of the timing pulse (usually the 
Clock pulse) or preceding the tran- 
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tw 


trec 


sition of the control input to its 
latching level, during which interval 
the data to be recognized must be 
maintained at the input to ensure 
its recognition. A negative setup 
time indicates that the correct togic 
level may be initiated sometime 
after the active transition of the 
timing pulse and still be recognized. 


Pulse width: The time between the 
specified reference points on the 
leading and trailing edges of a 
pulse. 


Recovery time: The time between 
the reference point on the trailing 
edge of an asynchronous input 
contro! pulse and the reference 
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point on the activating edge of a 
synchronous (Clock) pulse input 
such that the device will respond to 
the synchronous input. 


Transition time, Low-to-High: 
The time between two specified 
reference points on a waveform, 
normally 10% and 90% points, that 


"is changing from Low to High. 


tHe 


tr, t 


Transition time, High-to-Low: 
The time between two specified 
reference points on a waveform, 
normally 90% and.10% points, that 
is changing from High to Low. 


Clock input rise and tall times: 
10% to 90% value. 


INTRODUCTION 

The properties of ALS logic circuits dictate 
that care be taken in the design and layout of 
a system. 


Some general design considerations are in- 
cluded in this section. This is not intended to 
be a thorough guideline for designing ALS 
systems, but a reference for some of the 
constraints and techniques to be considered 
when designing a high-speed system. 


HANDLING PRECAUTIONS 

As described in the Circuit Characteristics 

section, ALS devices are susceptible to dam- 

age from electrostatic discharge (ESD). 

@ Signetics ALS devices are shipped in 
conducting foam or anti-static tubes and 
foil-lined boxes to minimize ESD during 
shipment and unloading. 

© Before opening tha shipment of ALS 

devices, make sure that the individual is 

grounded and ail handling means (such 
as tools, fixtures, and benches) are 
grounded. 

After removal from the shipping 

material, the leads of the ALS devices 

should always be grounded. in other 
words, ALS devices should be placed 
leads-down on a grounded surface, 
since ungrounded leads will attract 
static charge. 

® Do not insert or remove devices in 
sockets with power applied. Ensure that 
power supply transients, such as occur 
during power turn on-off, do not exceed 
absolute maximum ratings. 

@ After assembly on PC boards, ensure 
that ESD is minimized during handling, 
storage or maintenance. 

® ALS inputs should never be left floating 
on a PC board. This precaution applies 
to any TTL family. As a temporary 
measure, a resistor with a resistance 
greater than 10kQ should be soldered 
on the open input. The resistor wilf limit 
accidental damage if the PC board is 
removed and brought into contact with 
static-generating materials. 


INPUT CLAMPING 

ALS circuits are provided with clamp diodes 
on the device inputs to minimize negative 
ringing effects. These diodes should not be 
used to clamp negative DC voltages or long- 
duration, negative pulses. 
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Design 
Considerations 


UNUSED INPUTS 

Proper digital design rules dictate that ail 
unused inputs on TTL devices be tied either 
High or Low. This is especially important with 
ALS logic. 


Electrically-open inputs can degrade AC 
noise immunity as well as the switching speed 
of the device. Tying inputs to Vcc or GND, 
directly or through a resistor, protects the 
device from in-circuit electrostatic damage. 


ALS devices do not require an input resistor 
to tie the input High. Inputs can be connected 
directly to Voc as well as ground. 


Possible ways of handling unused inputs are: 
1. Unused active-High NAND or AND inputs 
to Voc. The inputs should be maintained 
at a voltage greater than 2.7V, but should 
not exceed the absolute maximum rating. 

2. Connect unused active-High NOR or OR 
inputs to ground. 

3. Tie unused active-High NAND or AND 
inputs to a used input of the same gate, 
provided that the High-level fanout of the 
driving circuit is not impaired. 

4. Connect the unused active-High NAND 
or AND inputs to the output of an unused 
gate that is forced High. 


MIXING ALS WITH OTHER TTL 
FAMILIES 

Mixing the slower TTL families such as 74 
and 74LS with the higher speed families such 
as 74ALS is possible but must be done with 
caution. Each family of TTL devices has 
unique input and output characteristics opti- 
mized to achieve the desired speed or power 
features. 


The speed/power characteristics of the ALS 
devices are achieved partially by the interna! 
tise and fail times, as well as those at input 
and output nodes. These transitions can 
cause noise of various types in a system. 
Power and ground line noise are generated 
by the transitions of the current in the output 
load capacitance. Signal line noise can also 
be generated by the output transitions. 


The noise generated by ALS devices can be 
minimized in systems designed with shorter 
signai lines, good ground planes, well-by- 
passed power distribution networks, layouts 
that minimize adjacent signal lines that run 
parallel, and improved impedance matching 
in signal lines to reduce transmission line- 
type reflections. 
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INPUT LOADING AND OUTPUT 


DRIVE COMPARISON 

The logic levels of all TTL products are fully 
compatible with each other. However, the 
input loading and output drive characteristics 
of each family are different and must be taken 
into consideration when mixing them in a 
system. Table 1 shows the relative drive 
capabilities of each family for commercial 
temperature and voltage ranges. 


INPUT-OUTPUT LOADING AND 
FAN-OUT TABLE 

For convenience in system design, the input- 
output loading and fan-out characteristics of 
each circuit are specified in terms of unit 
loads and actual load value. One ALS Unit 
Load (U.L.) in the High state is defined as 
20yA; thus both the input High leakage cur- 
rent, 4, and output High current-sourcing 
capability, Joy, are normalized to 20puA. 


Simifarly, one ALS Unit Load (U.L.) in the Low 
state is defined as 0.1mA and both the input 
Low current, };,, and the output Low current- 
sinking capability, lo,, are normalized to 
O.1mA. 


For added convenience, the actual load value 
in amperes is listed in the column adjacent to 
ULL. 


CLOCK PULSE REQUIREMENTS 
Ali ALS Clock inputs are buffered to increase 
their tolerance of slow positive-clock edges 
and heavy ground noise. Nevertheless, the 
rise time on positive-edge-triggered devices 
should be less than the nominal clock-to- 
output delay time measured between 0.8V to 
2.0V levels of the clock driver for added 
safety margin against heavy ground noise. 
Not only a fast rising, clean Clock pulse is 
required, but the path between the clock drive 
and clock input of the device should be well- 
shielded from electromagnetic noise. 


ALS OUTPUTS TIED TOGETHER 
The only ALS outputs that are designed to be 
tied together are Open-Collector and 3-State 
outputs. Standard ALS outputs should not be 
tied together unless their logic levels will 
always be the same; either ail High or all Low. 
When connecting Open-Collector or 3-State 
outputs together, some general guidelines 
must be observed, 


Design Considerations 


Table 1. Loading Comparisons 


DRIVEN DEVICE FAMILY 


Open-Collector Outputs 
These devices must be used whenever two or 
more OR-tied outputs will be at opposite logic 
levels at the same time. These devices must 
have a pull-up resistor (or resistors) added 
between the OR-tie connector and Vcc to 
establish an active-High level. Only special 
high-voltage buffers can be tied to a higher 
voltage than Voc. The minimum and maxi- 
mum size of the pull-up resistor is determined 
as follows: \ 

R (Min) = cc (Max) ~ Vor 

lor~Ne (hu 

Voc (Min) - Vox 
Ny (lon) + No (hn) 

= Minimum to. guarantee 
or OR-tied elements. 

Ne (li) =-Cumulative maximum in- 
put Low current for all 
inputs tied to OR-tie 
connection. 

Ny (lon) = Cumulative maxinhum 
output High leakage 
current for all outputs 
tied to OR-tie connec- 

No (i ) = Cumulative maximum 
input High leakage cur- 
rent for all inputs tied 
to OR-tie connection. 

If a resistor divider network is used to provide 
the High level, the R (Max): must be de- 
creased enough to provide the required 
I(Von/R (pull-down)} current.” 

3-State Outputs 

3-State outputs are designed to be tied to- 
gether, but are not designed to be active 
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R (Max) = 


where: lo, 


| 20a [| cama | tema | 20ma | a.ima | 


Maximum Number of Loads Driven 


simultaneously. in order to minimize noise 
and protect the outputs from excessive power 
dissipation, only one 3-State output should be 
active at any time. This generally requires that 
the output enable signals be non-overlapping. 
When TTL decoders are used to enable 3- 
State outputs, the decoder should be dis- 
abled while the address is being changed. 
Since all TTL decoder outputs are subject to 
decoding spikes, non-overlapping signals 
cannot normally guarantee when the address 
is changing. 


Since most 3-State output enable signals are 
active-Low, shift registers or edge-triggered 
storage registers provide good output enable 
buffers. Shift registers with one circulating 
Low bit, such as the 'ALS164 is ideal for 
sequential enable signals. The 'ALS174 or 
‘ALS273 can be used to buffer enable signals 
from TTL decoders or microcode (ROM) 
devices. Since the outputs of these registers 
will change from Low-to-High faster than from 
High-to-Low, the selection of one device at a 
time is assured. 


GND 

Good system design. starts with a well 
thought out ground layout. Try to use ground 
plane if possible. This will save headaches 
later on. if ground strip is used, try to reduce 
ground path in order to minimize ground 
inductance. This prevents crosstalk prob- 
lems. Quite often, jumper wire is used for 
Connecting to ground at the breadboarding 
stage, but a solid ground must be used even 
at the breadboarding stage. - 
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Cc 

Typical dynamic impedance of un-bypassed 
Voc runs from 502 to 1002, depending on 
Vec and GND configuration. This is why a 
sudden current demand, due to an IC output 
Switching, can cause momentary reduction in 
Voc unless a bypass (decoupling) capacitor is 
located near Vcc. 


Not only is there a sudden currant demand 
due to output switching transient, there is also 
@ heavy current demand by the buffer driver. 
Assuming the buffer output sees a 502 
dynamic load and the buffer Low-to-High 
transition is 2.5V, the currant demand is 
50mA per buffer. If it is.an octal buffer, the 
current demand could be 0.4mA per package 
in 3ns time! 


The next step is to figure out the capacitance 

requirement for each bypass capacitor. Using 

the previously-mentioned octal buffer and 

assuming the Vcc droop is 0.1V, then C is: 
0.4A X 3 X 10-9 sec 

0.1V 

= 0.012uF 

This formula is derived as follows: 
cQ=CV 


by differentiation: 


c =12 x 10F-9 


4Q AV 

—— = C— 
At at 
Since — =] 


Design Considerations 


hence, C = = 

Select the C bypass 2 0.02uF and try to use 
a high-quality RF capacitor. Place one bypass 
capacitor for each buffer and one bypass 
capacitor every two other types of IC pack- 
ages. Make sure that the leads are cut as 
short as possible. 


In addition, place bypass capacitors on a 
board to take care of board-level current 
transients. 


CROSS TALK 
The best way to handle cross talk is to 
prevent it from occurring in the first place; 


December 1988 


quick-fixes are troublesome and costly. To 
prevent cross-talk, maximize spacing be- 
tween signal lines and minimize spacing be- 
tween signal lines and ground lines. Prefera- 
bly, place ground lines between signal lines. 
For added precaution, add a ground trace 
alongside either the potential cross-talker or 
the cross-listener. 


For backplane or wire-wrap, use twisted pair 
for sensitive functions such as clocks, asyn- 
chronous set or reset, or asynchronous paral- 
lel toad. in flat cable, make every other 
conductor ground. 


For multilayer P.C. boards, run signal lines in 
adjacent planes perpendicular to prevent 
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magnetic coupling, and limit capacitive cou- 
pling. Use power shield (Vcc or ground plane) 
in between signal planes. 


Since any voltage change, noise or other- 
wise, arriving at the unterminated end of 
transmission lines double in amplitude, even 
a partially terminated line reduces the ampli- 
tude of the signal (noise or otherwise) ap- 
pearing at the end of the line; therefore, using 
a terminating resistor whose value is equal to 
the line characteristics impedance will help 
reduce cross-talk. 


Section 5 
74ALS Series 
Data Sheets 


74ALSOOA 
74ALS02 
74ALS04B 
74ALS08 
74ALS10A 
T4ALSI1A 
74ALS20A 
74ALS27 
74ALS30A 
74ALS32 
T4ALS38A 
74ALS74A 
74ALS86 
74ALS109A 


74ALS112A 
74ALS138 
74ALS139 
74ALS151 
7T4ALS153 
74ALS157/ 
74ALS158 
74ALS161B/ 
74ALS163B 
74ALS164 
74ALS174 
74ALS175 
74ALS191 


74ALS193 


T4ALS240A/240A-1 
74ALS241A/241A-1 
TSALS244A/244A—1 
T4ALS245A/245A-1 
74ALS251 
T4ALS253 
74ALS257/ 


74ALS258 
74ALS273 


74ALS373/ 
74ALS374 


INDEX 
Quad 2-Input NAND Gates ................. 5~3 
Quad 2—Input NOR Gates .................. 5~6 
Hex Inverters ..... 2.0... cece ce cee eens 5-9 
Quad 2-Input AND Gates ................ 5-12 
Triple 3-Input NAND Gates ............... 5-15 
Triple 3-Input AND Gates ................ 5-18 
Dual 4~Input NAND Gates ................ 5-21 
Triple 3-Input NOR Gates ................ 5-24 
8-Input NAND Gate .................005: 5-27 
Quad 2-Input OR Gates ................5. 5-30 


Quad Two-Input NAND Buffer (Open Collector) 5-33 
Dual D—Type Flip-Flops with Set and Reset... 5-36 


Quad 2-Input Exclusive-Or Gates .......... 5-41 
Dual JK Positive Edge~Triggered Flip—Fiops 

with Set and Reset ....................85 5-44 
Dual JK Negative Edge—Triggered Flip-Flop .. 5~49 
1-of~8 Decoder/Demuttiplexer ............. 5-54 
Dual 1-of—4 Decoder/Demultipiexer.......... 5-58 
8=-Input Multiplexer ............. 0.0.0 c eee 5-62 
Dual 4~input Multiplexer .................. 5~66 


Quad 2~Input Data Selector/Multiplexer, NINV . 5-70 
Quad 2~Input Data Selector/Muttiplexer, INV .. 5~70 
4-Bit Binary Counter, Asynchronous Reset ... 5-74 


4-Bit Binary Counter, Synchronous Reset .... 5~74 
8~Bit Seriat-In Paraliel~Out Shift Register .... 5-82 
Hex D Flip~Flops .... 00... cece eee 5-87 
Quad D Flip-Flops... 0... eee cee 5~91 
Up/Down Binary Counter with Reset and 

Ripple Clock .... 0... cece cece eee eres 5~95 
Synchronous Presettable 4—Bit Binary Counter 

with Separate Up/Down Clocks ........... 5-101 
Octal Inverter Buffer (3—State) ............ 5-107 
Octal Buffer (3-State) ...............00085 5-111 
Octal Buffer (3-State) ...............0002. §=115 
Octal Bus Transceivers (3-State) .......... 5-119 
8~Input Multiplexer (3~State) ............. §-123 
Dual 4—Input Muhiplexer (3-State) ......... 5-128 
Quad 2-Input Data Selector/Multiplexer, 

NINV (3-State) .... 0... cece eee 5-132 
Quad 2-Input Data Selector/Muttiplexer, 

INV (3-State) 0.00. 5-132 
Octal D Flip-Flop... 0.0.0... eee ee §-137 
Octal Transparent Latch (3-State) ......... §-142 


Octal D Flip-Flop (3-State) ............... 5-142 


Section 5 74ALS Series 


74ALS377 Octal D Flip-Flop with Enable ............. 5-149 
74A1.S543/543-1/ Octal Registered Transceiver, NINV (3-State) 5-154 
74ALSS44/544-1 — Octal Registered Transceiver, INV (3~State) . 5-154 
T4ALSSE3A/ Octal Tansparent Latch, INV (3—State) ...... 5-161 
T4ALSS64A Octal D Flip-Flop, INV (3-State) ........... 5-161 
74ALS573B/ Octa! Transparent Latch (3~State) ......... 5-168 
T4ALS5S74A Octal D Flip-Flop (3-State) ...........0.. 5-168 
74ALS620A/620A-1/ Octal Bus Transceiver, INV (3-State) ....... 5-175 
74ALS623A/623A-~1 Octal Bus Transceiver, NINV (3-State) ...... 5-175 
74ALS645A/645A-1 Octal Bus Transceivers (3-State) .......... 5-181 
74ALS646/646-1/ Octal Transceiver/Register, NINV (3-State) .. 5-185 
74ALS648/648-1 Octal Transceiver/Register, INV (3-State) ... 5-185 


74ALS651/651-1/ 
74ALS652/652—1 


Octal Transceiver/Register, INV (3-State) ... 5-192 
Octal Transceiver/Register, NINV (3-State) .. 5-192 


FUNCTION TABLE 


NOTES: 

H = High voltage level 
L = Low voltage level 
X = Don't care 


PIN CONFIGURATION 
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74ALSOOA 
Quad 2-Inout NAND Gates 


Product Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


1.0 mA 


TYPICAL PROPAGATION 
re 
7AiLSO0A 


ORDERING INFORMATION 


COMMERCIAL RANGE 

Veg" VON T= rol 70° 

14-Pin Plastic DIP 74ALSOOAN 

14-Pin Plastic SO 74ALSOOAD 
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

74ALS(U.L. LOAD VALUE 

DESCRIPTION mcnLoN 
ZA 


oe 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20 in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC 


10 12 «13 


Vog = Pin 14 
GNO = Pin? 


Product Specification 


Quad 2-Input NAND Gates | 7AALSOOA 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER RATING 
-0.5 to +7.0 
-0.5 to +7.0 
-30 to +5 
0.5 to +Voc 
16 
0 to +70 
i Storage ternperature -65 to +150 


Supply voltage 


Input voltage 


Input current 
aie 


Voltage applied to output in High output state 


Current applied to output in Low output state 


Operating free-air temperature range 


ia 
a 
L 
4 
—+— 


PARAMETER 
t 


Supply voltage 


High-level input voltage 


Low-level input voltage 
Input clamp current 
High-level output current 


Low-level output current 


Operating free-air temperature range 


PARAMETER TEST CONDITIONS’ 


High-level output voltage Voc + 10%, Vy = MAX, View = MIN, Io, = MAX 


Voc = MIN, V\ = MAX, 
Low-level output voltage 
Viq = MIN 
Input clamp voltage Vog = MIN, 1) = lig 


Input current at maximum 

nape Veg = MAX, V, = 7.0V 
_|_inpul ge 
High-level input current Veg = MAX, Vie 2.7V 
Low-level input current Voc = MAX, Vv; =0.4V 


Output current? Vog = MAX, Via = 2.25V 


+ 


Supply current (total) «Veg = MAX 


NOTES: - 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vo = SV, T, = 25°C. 

3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, los: 
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Product Specification 


Quad 2-Input NAND Gates 74ALSOOA 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 
Ty = 0°C to +70°C 


SYMBOL PARAMETER TEST CONDITIONS Neo = SY =10% 
R, = 5000 
C, = S0pF 
Min 


2.0 
2.0 


——+t 


Propagation delay 
nA or nB ton 


Waveform 1 


AC WAVEFORM 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Vu #1A3V 


TEST CIRCUIT AND WAVEFORMS 


PULSE : 
GENERATOR 


Vu =1.3V 
Test Circuit for Totem-Poie Outputs Input Pulse Definition 


DEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for value. 

C, = Load capacitance includes jig and probe capacitance, 
see AC CHARACTERISTICS for vatue. 
Termination resistance should be equal to Zour of 
pulse generators. 


500ns/} 2.0ns | 2.0ns 
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FUNCTION TABLE 


NOTES: 

H = High voitage level 
L = Low voltage level 
X = Don't care 


PIN CONFIGURATION 


November 4, 1986 


74ALSO2 
Quad 2-Inout NOR Gates 


Product Specification 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 


4.0 ns 1.0 mA 


COMMERCIAL RANGE 
PACKAGES = 5Vi10%; T, = °C to +70°C 


14-Pin Plastic DIP : 74ALSO2N 
14-Pin Plastic SO T4ALS02D 


INPUT AND a ae LOADING AND FAN-OUT TABLE 
74ALS(U.L) | LOADVALUE 
rae 
Data inputs 1.0/1.0 | 20pA/0.1mA | 
= oa 


NOTE: 
One (1. 0) ALS Unit Load is defined as: 20,A in the High state and 0,1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC 


23 85 6 & 9 14 12 


Product Specification 


Quad 2-Input NOR Gates 74ALS02 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the usetul life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER RATING UNIT 
0.5 to +7.0 
Input voltage i -0.5 to +7.0 
ise a 


Voltage applied to output in High output state 
Current applied to output in Low output state 


il Operating free-air temperature range 


Storage temperature 


SYMBOL PARAMETER 


co 
Voc Supply voltage 


High-level input voltage 
Low-level input voltage 


K Input clamp current 


High-level output current 
Low-level output current 
Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted. 


Sea 


sro | PARAMETER TEST CONDITIONS’ 


High-level output voltage Vogt 10%, V, = MAX, Vy, = MIN, Io), = MAX 


Vog = MIN, V, = MAX, 
Vy = MIN 
Input clamp voltage : Veg = MIN, Walk 


Input current at maximum, i oe =7.0V 
input voltage. . 7 Noo eM Vier ® 


High-level input current : Vog = MAX, V, = 2.7V 
Low-level input current Meg = MAX, V, = 0.4V 


Low-level output voltage 


bef el 


<j 
nN 


) 
& 


Output current? 


—e 


Supply current (total) 


NOTES: 

1. For.conditions shown as MIN or MAX, use the appropriate value specified under recommended Operating conditions. for. the Spplicable type. 
2. Ati typical values are at Vor = SV, Ty = 25°C. 

3. The output conditions have been chosen to produce current that closely approximates oné half of the true. short-circuit output current, Igg: ¢ 


s ad 
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Product Specification 


Quad 2-Input NOR Gates | oR: 74ALSO2 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 
T, = 0°C to +70°C 


V.. = SV £10% 
co 
R, = UNIT 
; oT Cc, 2 S0pF 
on & Propagation delay 
‘ie : nA or nB to nY Waveform 14 


ac WAVEFORM 


Waveform 1. Propagation Delay for Data to Output | 


NOTE: Vu #13V 


7 ; Vy 2 t3v 
Test Circuit for Totem-Pole Outputs a Input Pulse Definition 

DEFINITIONS eae bi, #5 2 
R, = Load resistor; see AC CHARACTERISTICS for value. 
C= Load capacitance includes jig and probe capacitance; 

see AC CHARACTERISTICS for value. : 
Ry = Termination resistance should be equal to Zour Of 

pulse generators. : 
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74ALSO4B 


Hex Inverters 
Product Specification 


FUNCTION TABLE 


TYPICAL PROPAGATION 
DELAY 
rans [asm 


L H 
COMMERCIAL RANGE ; 
PACKAGES Vog # 5V#10%; T, 2 0°C to 470°C 
14-Pin Plastic DiP 3 ~~ 74ALSO4BN 
14-Pin Plastic SO T4ALSO4BD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


2.0 mA 


H = High voltage level 
L = Low voltage level 


£ 


(1.0) ALS Unit Load is defined as: 20,A in the High state and 0.1mA in the Low state, 


PIN CONFIGURATION LOGIC SYMBOL _ LOGIC SYMBOL (IEEE/IEC) 


asaracg 


Voc = Pin 14 
GNO = Pin7 
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COHEDI QC Te, Product Specification 


Hex Inverters 74ALSO04B 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER 


Supply voltage 
Input voltage 


Input current 
Voltage applied to output in High output state 
Current applied to output in Low output state 
Operating free-air temperature range 


0 to +70 
-65 to +150 


3 
ty 


Vogt 10%, Vy = MAX, Vy, = MIN, Io, = MAX 


Voc = MIN, V, = MAX, 
Vig = MIN 
Vog = MIN, 1) = ly 


Low-level output voltage 


Input clamp voltage 


Vog = MAX, V, = 7.0V 


Vog = MAX, V, = 2.7V 
Vog = MAX, V, = 0.4V 


Output current? Vog = MAX, Vo = 2.25V 


Seeman 1S ons 
ee ee ee ee 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V. = SV, T, = 25°C. 
3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, los: 


t=) 
9 
a 
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er. ae , Product Specification 


Hex Inverters ; 74ALS04B 


LIMITS 
Ty, = 0°C to +70°C 
Van = SV 10% 
ce 
TEST CONDITIONS R, = 6000 
C, = 50pF 


11.0 
8.0 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


Propagation delay 
nAtonY 


tPLH 
PHL 


AC WAVEFORM 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Vu #13V 


TEST CIRCUIT AND WAVEFORMS 


Test Circult for Totem-Pole Outputs input Pulse Definition 


DEFINITIONS INPUT PULSE REQUIREMENTS 


R= Load resistor; see AC CHARACTERISTICS for value. | Ampimuce | Rep.Rate | tw | tin | tna | 
C= Load capacitance includes jig and probe capacitance; J4ALS 35V 
see AC CHARACTERISTICS for value. 


Termination resistance should be equal to Zour of 
pulse generators. 
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74ALSO8 ~ _ 
Quad 2-Inout AND Gates - 


Product Specification 


TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
vaauste | sonm_—<i tama 


FUNCTION TABLE 


ORDERING INFORMATION 


COMMERCIAL RANGE 
Weg evstasTy socio 


NOTES: 14-Pin Plastic DIP T4ALSOEN 
H = High voltage level = I 
L = Low voltage level 14-Pin Plastic SO 74ALSO08D 
X = Don't care 
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
T74ALS(U.L) | LOADVALUE 
HIGH/LOW 
NOTE: 
One (1.0) ALS Unit Load is defined as: 20A in the High state and 0.1mA in the Low state. 
LOGIC SYMBOL (JEEEAEC 


PIN CONFIGURATION LOGIC SYMBOL 


1 24 5 9 10 12 13 


4, 1986 
November 5-12 


Product Specification 


Quad 2-Inout AND Gates 74ALS08 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


| rama | un 
Vv 
v 
Vv 


Yee [Sree SSCS™~S~d to 
2 LZ 
nS 
mL 
fan | Curniappled waupaintowoipaeme «| 
Ewe 

ee a 


Oper ow a onparae arg 


Low-level input voltage 

Input clamp current 

High-level output current 

Low-level output current 

Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noied.) 


| rs 
1 
emo] vam | erommo’ —a 


Renown | Varmint fr | |Y 
V, 


fe [enorme ee ey 


i dae a Meri 


Input current at maximum = fe 
input oe Vog = MAX, V, = 7.0V 
co . 


High-Jevel input current Vog = MAX, V, = 2.7V 
Veg = MAX, V, = 0.4V 
Vog = MAX, Vo = 2.25V 


eal. 
fea | 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vox. = SV, T, = 25°C. oo) 
3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, log. 
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Product Specification 


Quad 2-Input AND Gates 74ALSO8 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 
Ty = O°C to +70°C 


PARAMETER TEST CONDITIONS Nog SY s10% 


R, = 5000 


Cc. = SOpF 
Min 


Propagation delay 20 
nA or nB to nY Wavelorm 1 30 


AC WAVEFORM 


ny Vu 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Vu =1.3V 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit for Totem-Pole Outputs 


DEFINITIONS 
Load resistor, see AC CHARACTERISTICS for value. 
Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 
Termination resistance should be equal to Zour of 
pulse generators. 
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FUNCTION TABLE 


NOTES: 

H = High voltage level 
L = Low voltage level 
X = Don't care 


PIN CONFIGURATION 


November 4, 1986 


T4ALS10A pee - 
Triple 3-Inout NAND Gates 


Product Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


TYPICAL PROPAGATION 
DELAY 


4.0 ns 


TYPE 


74ALS10A 


ORDERING INFORMATION 


COMMERCIAL RANGE 
PACKAGES Vog = SV110%; T, = 0°C to +70°C 
74ALS10AN 
" 74ALS10AD 


T4ALS(U.L.) | LOADVALUE 
HIGH/LOW IGH/LOW 


One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


NOTE: 


LOGIC SYMBOL LOGIC SYMBOL (IlEEE/IEC) 


1213 34 5 9 10 1% 
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Product Specification 


Triple 3-Input 


r 


NANDGates "7AALS10A 


ABSOLUTE MAXIMUM.RATINGS (Cperation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL PARAMETER | RATING 


Supply voltage eae 3 0.5 10 47.0 
“Input voltage: ee pe yg O50 +70 


OC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


Pa rae 
a oe 


a 
| 
a 


fie | Supply current oe ear yess [18 | 


NOTES: -~ ; : . SS Gtk es a Ty 

1. For conditions shown as MIN or MAX, use the appropriate value specified under retommended operating conditions for smblicable type. : 
2. Al typical values are at Vo-. = 5V, T, = 25°C. ptt Sy uae ee 
3. The output conditions have been chosen to produe current that closely approximates one half of the tue short-circuit output aurrent, lig. 


é 
& 
3 

°o 

Z 
3 
3 
< 
oe 
2 i 
x 
: 
< 
az 

= 
z 
r 

® 
a 


¥ 
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“Ahura Product Specification 


Triple 3-InputNAND Gates 74ALS1OA 


AC ELECTRICAL CHARACTERISTICS 


tT, = 0°C to +70°C 
Voc # SV 110% 

R, = 500Q 

Cc, 2 SOpF 


Propagation delay = 
Re eer, Wavetorm 4 


ACWAVEFORM = si 


Waveform 1. Prpegeon Dey for Data sp Output 


NOTE: Vu - “1.3V 


TEST CIRCUIT AND WAVEFORMS 


Test Circatt for Totem-Pole Ouper - 
INPUT PULSE REQUIREMENTS 


Repro | tw | tan | ta | 
Oi) Ea ed 


DEFINITIONS eat - ~ 4d FAMILY 
R, = Load resistor; se0 AC CHARACTERISTICS tor valve. i dee 
c= Load capacitance includes jig and probe capacitance; : 74ALS a8 
see AC CHARACTERISTICS for:value. vans | sv | 
Ry = Termination resistance should be equal to Z, ,, of 
pulse generators. ‘ 
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—  T4ALSTTA | 
. Triple. 3-Inpbut AND Gates 


Product Specification 


FUNCTION TABLE. 


"TYPICAL PROPAGATION | TYPICAL SUPPLY CURRENT _ 
DELAY (TOTAL) 


ORDERING INFORMATION 
COMMERCIAL RANGE 
Voc = SV110%; T, = 0°C to +70°C 
14-Pin Plastic DIP . 74ALS11AN 
14-Pin Plastic SO 74ALS11AD 
= 


. INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


[Faaisiia | 


(1.0) ALS Unit Load is defined as: 20uA in the High state and 0.1mA in the Low state. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


123345 9 1 


September 2t, 1988 
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Product Specification 


Triple 3-Input AND Gates 7T4ALSIIA 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful fite of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER 


Input current 


Voltage applied to output in High output state 


OC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


SYMBOL PARAMETER 


Met A VS ME fe 

Veo =WNW,= WK | lgadma [foes [oa |v 
Vein ig=8na| [oe fos Tv 
Veo = MIN = is 


Input current at maximum V... = MAX. V, = 7.0V 
input voltage c ss eae 
ta | Hightevel input current Vog = MAX, V, = 2:7V 1848 


es 


je | Supply current (total) 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V--. = SV, Ty = 25°C. 


3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, log. 
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Product Specification 


Triple 3-Inout AND Gates T4ALSTIA 


AC ELECTRICAL CHARACTERISTICS 


7 Tt, = 0°C to +70°C 
Van = SV £10% 
cc 
PARAMET! ER A, 
Cc, = 50pF 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Yu =1.3V 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit for Totem-Pote Outputs 


DEFINITIONS ; ; 

RL =. Load resistor; see AC CHARACTERISTICS for value. 

CO = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

R= Termination resistance should be equal to Z, 77 of 
pulse generators. 
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eae 7AALS20A | 
Dual 4-Input NAND Gates 


Product Specification 


FUNCTION TABLE - 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
ZT 


ORDERING INFORMATION 
COMMERCIAL RANGE 
Yogev T= P01 TOC 
14-Pin Plastic DIP T4ALS20AN 
14-Pin Plastic SO T4ALS20AD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


1 2 4 & @ 10 12 13 


4, 
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Tb Bek oat > :ProduétSpacification 
Dual 4-Input NAND Gates 74ALS20A 


PARAMETER 


Supply voltage 
High-level input voltage 
Low-level input voltage 
Input clamp current 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted. 


High-level output voltage Vogt 10%, Vy = MAX, Vy, = MIN, Igy = MAX [Vo.-2 
Vou Low-level output voltage & - a 


Vy, = MIN lo, = 8 mA 
Input clamp voltage Vog = MIN, 1) = lye 


— 


“4 
—< 
a 
~ 


U 


z 
4 


#2 
i 

3 

5 

5 
‘ 

E 
ef 

3 

EBBE 


é 

é 
<j < 
EE 
BEE 


NOTES: - 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V-. = SV, T, = 25°C. 


3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, log- 
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‘Signetics ALS Products Product Specification 


Dual 4-Inpout NAND Gates T4ALS20A 


AC ELECTRICAL CHARACTERISTICS 


[IMTS 
ie 2 0°C to +70°C. 


_ PARAMETER 


Propagation delay 
ae nA, nB, nC, nD to YAY 


AC WAVEFORM 


nA, nB, nC, nD = i oe 
* pH t py 


ny Vu Vu 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Yu =195V 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit for Totem-Pole Outputs 


DEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for value. 

C= Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

Ry= Termination resistance should be equal to Z,, ,, of 
pulse generators. 
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T4ALS27 
Triple 3-Inout NOR Gates 


Product Specification 


FUNCTION TABLE 


“TYPICAL SUPPLY CURRENT 
(TOTAL) 


ORDERING INFORMATION 


COMMERCIAL RANGE 
| owas | vgeavetmn tg cot cre 
14-Pin Plastic DIP 74ALS27N ; 
12a Pani 80 asa 


T4ALS(U.L) | LOADVALUE 
HIGH/LOW HIGH/LOW 


.4mA/BmA 


“TYPICAL PROPAGATION 


F 
9 
ie: 


NOTE: Ts aa 
One (1.0) ALS Unit Load is defined as: 201A in the High state and 0.1mA in the Low state. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


1213 34 85 8 Witt 


Voc = Pin 14 
GND = Pin7 


February 5, 1987 


5-24 


Product Specification 


Triple 3-Inout NOR Gates .  74ALS27 


ABSOLUTE MAXIMUM RATINGS ‘(Operation beyond the limits set forth in this table may jmpwir the useful life of the device. 
=e Unless otherwise noted these limits are over the operating free-air temperature range.)- 
P. 


[S™”~™~CPARAMETIER |G | 
a 
na ng v 
on ee 
Veg pion ih a a 
Currant applied to output in Low output state > ee ee 
Ea 
f= Ot al 


Qn 
|e |= 


Opering fa rps rnge : “ 


Storage temperature -65 to +150 


alsis |< 


STG 
RECOMMENDED OPERATING CONDITIONS 


S| 2 
ee | 


bees em [| 
aeons ea 
eae ee 

a 


Ln 
i | towing vings 
ae rt te siren ee ea ee 
ae i 
Tig | Lowi ai cr ese eel en 
a 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted. 
TEST CONDITIONS’ 


are 
PARAMETER | rewrconomons! [gr 
High-tovel output voltage... | Voc 10%, Vy, = MAX, Vy, = MIN, log, = MAX Moer@} || Y | 


Yee, = WK ge 
Vy, = MIN 


SYM 


i 


Low-level output voltage 


Vix 


4 


” For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
. Al typical values are at V-y. = SV, T, = 25°C. ; : : 
. The ourput conditions have been chosen to produce current that closely approximates one half of the tue short-circuit output current, Iog- 


ena 
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Product Specification 


Triple 3-Inout NOR Gates 74ALS27 


AC ELECTRICAL CHARACTERISTICS. oo: 
LIMITS - 
T, = OC to +70°C 
Voce = sv +t10% 
R, 2 §00Q 
Cc, = SOpF 


SYMBOL 


AC WAVEFORM 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Ma . 1.3V 


Test Circult for Totem-Pole Qutputs 


~ PUT PULSE REQUIREMENTS 
DEFINTONS | 


R, = Load resistor; see AC CHARACTERISTICS for value. 


ams [| [ [on | 
CQ = Load capacitanca inckides jig and probe capacitance; 74ALS 35V 500na 
see AC CHARACTERISTICS for value. . 
Ry = Termination resistance should be equal to Zour of 
pulse generators. 
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74ALS30A 
8-InDut NAND Gate 


Preliminary Specification 


FUNCTION TABLE 


TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
74ALS30A 7.0 as 0.5 mA 


ORDERING INFORMATION 
COMMERCIAL RANGE 


PACKAGES Vog = SV210%; T, = 0°C to +70°C 
14-Pin Plastic DIP 74ALS30AN 


7ARLSSORD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


74ALS(U.L) | LOADVALUE 
PINS DESCRIPTION HIGHLOW | HIGH/LOW 
A-H Data inputs 1.0/1.0 20pA/0.1mA 


eezezreecl dil 


xx xX «KKK MOT 

xxx «KM KM KT 

xxx x xe KK TIO 
xxx x< Oo xX xX KTS 
<x xX OK KX XK TM 
xx eK KKK KT 
<rmKx «KK xX «KO 
-— x KKK KKK TE 


3 


TES: 


H = High voltage level 
L = Low voltage level 


X = Don't care 

NOTE: 

One (1.0) ALS Unit Load is defined as: 20,A in the High state and 0.1mA in the Low state. 
PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) 


123 4 8 6 11 12 
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ee Re Preliminary Specification 


8-InputNANDGate 74ALS30A 


ABSOLUTE MAXIMUM RATINGS. (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Untess otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL 
Sop 
pura 

mira 


Voltage applied to output in High output state 


-0.5 to +7.0 
0.5 to +7.0 
30 to +5 


lout Current applied to output in Low output state 16 . mA 
Operating free-air temperature range 0 to +70 °C 
Storage temperature : x 


RECOMMENDED OPERATING CONDITIONS 


, PARAMETER 


SYMBOL 
Sona 
Vin 
Vi 
tr 


High-level input voltage 


Low-level input voltage 


| Ya | 
| 
l tx | Input clamp current 
| lon | 
| toe | 


High-level output current 
Low-level output current 
Operating free-air temperature range 


PARAMETER 


High-level output voltage 


Low-level output voltage 


Vic | eps clanp otage 

ph | nave | 
input voltage 

[in| Mohewetingu cument 

Po | ecient 


Supply current ta) | 'ocn__| 
ie a 


NOTES: : by 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended Operating conditions for the applicable type. 
2. All typical values are at Vo_. = 5V, T, = 25°C. “ 

3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, Ios: 


Vog = MAX, Va = 2.25V 


Vog = MAX 
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Preliminary Specification 


8-Input NAND Gate . 74ALS30A 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 


Ty # 0°C to +70°C 
Voc = 5V +10% 


R, = 5002 


AC WAVEFORM |. 


pera ee 
* Pew t put 


Y Vu Vu 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Vu 21.3V 


TEST CIRCUIT AND WAVEFORMS 


V,, = 1.3V 
M 
Test Clroult for Totem-Pole Outputs ; Input Pulse Definition 
DEFINITIONS F INPUT PULSE REQUIREMENTS 
R, = Load resistor; se6 AC CHARACTERISTICS for vaiue. 
c= Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 


= Termination resistance should be equal to Z of 
‘OUT 
pulse generators. 
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ALS Products 


FUNCTION TABLE 


OUTPUT | 
Y: 


NOTES: 

H = High voitage level 
L = Low voltage level 
X = Don't care 


PIN CONFIGURATION 


November 11, 1986 


T4ALS32° 


Quad 2-Input OR Gates 


Product Specification 


TYPE TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 


74ALS32 . 2.3 mA 


ORDERING INFORMATION 
COMMERCIAL RANGE 
Wags teat 700 
14-Pin Plastic DIP 74ALS32N : 
14-Pin Plastic SO : 74ALS32D 
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


T4ALS(U.L) | LOADVALUE 
HIGH/LOW |. 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20, in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC) | 


1 2 4 5§ 9 #10 12 13 


Product Specification 


Quad 2-Input OR Gates 74ALS32 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER RATING 
Supply voltage 0.5 to +7.0 
input voltage 0.5 to +7.0 + 


Input current -30 to +5 


‘| 


Voltage applied to output in High output state 0.5 to +V 
Current applied to output in Low output state 16 


cc 


so 
€ 
a 


— 
Operating free-air temperature range 0 to +70 


Storage temperature -65 to +150 ~] 


gt st 
ra) 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage 
High-level input voltage 


Low-level input voltage 6 | Vv 


Input clamp current } mA 
fern ae 
Loria oper Fe Ta 


Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


SYMBOL PARAMETER 


High-level output voltage 


a 
= 
rset 


Vow 
Vix Input clamp voltage 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V_-. = SV, T, = 25°C. 

3. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, Igs- 


Veg = MIN, Vy. = MAX, 
Vyy = MIN 
Veg = MIN, by = bag 


Input current at maximum 
input voltage 


High-level input current 


Low-level input current 


Output current? 


Veg = MAX, V, = 7.0V 


Vog = MAX, V, = 0.4V 


Supply current (total) 
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Product Specification 


Quad 2-input OR Gates . 74ALS32 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 


yy = OC to +70°C 
PARAMETER TEST CONDITIONS Nog = SY 510% 
a R = 500Q 
Cc. = SOpF 
t Propagation delay 14.0 
eS ees OR] 


AC WAVEFORM 


Wevetorm 1. Propagation Delay for Date to Output 


NOTE: Vu #1.3V 


TEST CIRCUIT AND WAVEFORMS 


Test Ciroult for Totem-Pole Outputs 


DEFINITIONS 

Ri = Load resistor; see AC CHARACTERISTICS for value. 

C, = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

R, = Termination resistance should be equal to Z,, ,, of 
pulse generators. 
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FUNCTION TABLE 


TS 
| A | 8 


PIN CONFIGURATION 


February 5, 1968 


__INPU OUTPUT 


Yeo 

] 48 
aa 
4a 
3B 

3A 
av 


74ALS38A 
Buffer 


Quad Two-Input NAND Buffer (Open-Collector) 
Product Specification : 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
mansaen [70m | SMA 


ORDERING INFORMATION 


COMMERCIAL RANGE 
Weg s0NT, e070 
14-Pin Plastic DIP 74ALS3BAN 
14-Pin Plastic SO 74ALSSBAD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


T4ALQU.L.) | LOADVALUE 
a ee 
Cs a 
NOTE: 


One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.imA in the Low state. 
*OC = Open Collector 


LOGIC SYMBOL LOGIC SYMBOL(IEEEEC 


2.465 9 1 12 13 
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Product Specification 


Buffer 74ALS38A 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL PARAMETER 

Voc Supply voltage -0.5 t& +7.0 

Vin Input voltage 0.5 to +7.0 
OC 
Voltage applied to output in High output state 0.5 0 +Ven Vv 
| lout _ | Current applied to output in Low output state | 
Operating free-air temperature range 
Se99®lomperaie #5 0 180 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage 
High-level input voltage 
Low-level input voltage 
Input clamp current 


High-level output voltage 


Low-level output current 
Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


Vog = MIN, Vj, = MAX 
Vy = MIN 


Input current at maximum 
input voltage 


NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Voc = SV, ty = 26°C. 
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yee ee toners Product Specification 


Buffer 7T4ALS38A 


AC ELECTRICAL CHARACTERISTICS 


T, = 0°C to +70°C 


PARAMETER Voc = SV 410% 
<p R, = 500Q 
; C, = 50pF 


Sa 


AC WAVEFORM 


Waveform 1. Propagation Delay for Data to Output 


NOTE: Vu =13V 


TEST CIRCUIT AND WAVEFORMS 


Test Cirouit for Open-Collestor Outputs 


DEFINITIONS _ i INPUT PULSE REQUIREMENTS 
A, = Load resistor; see AC CHARACTERISTICS for value. tw | tu | tne | 


C, =~Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

Ry = , Termination resistance should be equal to Z,, ,, of 
pulse generators. 
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DESCRIPTION 


The 'ALS74A is a dual edge-triggered D- 
type flip-flop featuring individual data, Set 
and Reset inputs, with true and comple- 
mentary outputs. Set (S,) and Reset (R,) 
are synchronous active-Low inputs and 
operate independently of the Clock (CP) 
input. When S, and R, are inactive (High), 
data at the D input is transferred to the Q 
and G outputs on the Low-to-High transi- 
tion of the CP. Data must be stable one 
setup time prior to the Low-to-High clock 
transition for predictable operation. Clock 
triggering occurs at a voltage level and is 
not directly related to the transition time of 
the positive-going pulse. Following the 
hold time interval, data at the D input may 
be changed without affecting the levels at 
the outputs. 


* 


PIN CONFIGURATION 


TOP VIEW 


October 8, 1987 


74ALS74A 
FLIP-FLOP 


74ALS74A Dual D-Type Flip-Flops with Set and Reset 


Product Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL 


a 
5 


ORDERING INFORMATION 


COMMERCIAL RANGE 
PACKAGES Van = SVi10%; T, = O°C to +70°C 
14-Pin Plastic DIP N74ALS74AN 
[ i4PinPisicSO | CNTAALS74AD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


[ims | _vesorrrion | cnt 
a 
FP, OP, | Clockinputs (ating sing edge] 1.0720 | 20uA02mA 
fa, Ge | Damoupus =| 2080 | OAmAomA 
NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


LOAD VALUE 
HIGH/LOW 


LOGIC SYMBOL 


LOGIC SYMBOL (IEBEAEC) 
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Product Specification 


FLIP-FLOP - : ——TAALS74A 


LOGIC DIAGRAM 


MODE 


OPERATING 


H = High voltage feve! 

'h-= High voltage level one setup time prior to Low-toHigh clock transition 

L = Low voltage level 

! «Low. voltage level one setup time prior to Low-to-High clock transition 
- NGaNo change from the previous setup 

X = Don't care 

T = Low-to-High clock transition 

.* =Both outputs will be High while both 5, and Fi, are Low, but the output 
». ‘States are unpredictable It'S, and Fi, go High simultaneously. 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER RATING UNIT 
0.5 to +7.0 Vv 


0.5 to +7.0 Vv 
-30 to 45 mA 
Le 
16 mA 


Supply voltage 


Input current 
Voltage applied to output in High output state 
Current applied to output in Low output state 
Operating free-air temperature range 
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Product Specification 


FLIP-FLOP 7AALS74A 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage 
High-level input voltage 
Low-level input voltage 


input clamp current 


— High-level output current 0.4 
Low-level output current 
Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


PARAMETER TEST CONDITIONS’ 


High-level output voltage 


Low-level output voltage 


input clamp voltage Veo = MIN, |, = Ix 


Input current at maximum V.. = MAX. V, = 7.0V 
input voltage ce sie 


Vog = MAX, V, =2.7V 


Vog = MAX, V, = 0.4V 


Output current 


— Supply current (total)* 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V0. = SV, T, = 25°C. 

3.The output conditions have been ci chosen to produce a current that closely approximates one haif of the true short-circuit output current, log: 
4.Measure I, with the D,, CP,,, and 55, grounded, then with D., CP,,, and Fp, grounded. 


Veg = MAX. Vo = 2.25V 
Vog = MAX 


6 
3 
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Product Specification 


74ALS74A 


FLIP-FLOP 


AC ELECTRICAL CHARACTERISTICS — 


TEST CONDITION 


Ty = 0% to +70°C 
Veg = SV 210% 


(H) 
rath 


H) 
we) 


Recovery time 
Syn ORD, toCP 


October 8, 1987 


Product Specification 


FLIP-FLOP i" | 7AALS74A 


AC WAVEFORMS 


tor e6t to output, net 
recavery Sent et ent ta clack 


Nentenn 3 wee reest te output, 
ree Sains and recnvar) tune tot oan took 


NOTE: For all wavetorme, V,, =13V. at 
The shaded erens indicate when the input is perminieaS change for predictable output performance, . 


TEST CIRCUIT AND WAVEFORMS. = eee ere 


Test Circult For, Totem-Pole Outpuis 


R= Load resistor; see AC CHARACTERISTICS for value. [Amplitude [Rep. Rate] tw [trun [tru | 
“" feeaconamacrEnsTicstwue [AS | 35V | ie | sens] aon zon | 
see AC CHARACTERISTICS for value. 


Rr = Termination resistance should be equal to Z,. 5, of 
pulse generators. 
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74ALS86 


Quad 2-Input Exclusive-OR 
Gates 


Product Specification 
These devices contain four independent 2-. 


TYPICAL PROPAGATION TYPICAL, SUPPLY CURRENT 
OELAY {TOTAL) ; 
frases [60m 
input Exclusive-OR gates. A common : 


application is a true/complement element. : 
If one input is held Low, the signal on the ORDERING INFORMATION 


other input will be reproduced intrue form at 

the output. If one input is held High, the PACKAGES ¥ ee eS oc 

signal on the other input will be reproduced cc al ol 
inane 
14-Pin Plastic SO 74ALS86D , 


inverted at the output. 
INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


74ALS(U.L) | LOADVALUE 
HIGH/LOW | HIGH/LOW 


DESCRIPTION 


FUNCTION TABLE 


NOTE: : : 
One (1.0) ALS Unit Load is defined as: 20,,A in the High state and 0.1m<A in the Low state. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC, 


1 £2 -4 B&B 9 10 12 13 


Voc 
a 
aa 
av 
r 
aa 
sY 


October 31,1988 


Product Specification 


Quad 2-Input Exclusive-ORGates 74ALSB6 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
; Unless otherwise noted thete limits are over the operating free-air temperature range.) 


~ “Input current 
Voltage applied to output in High output state 
Current applied to output in Low output state 
Operating free-air temperature range 


Seo pes 


RECOMMENDED OPERATING CONDITIONS 


~ High-level input voltage ; ane “20 
[ Lawievetinpatngs 
[ heutcap come i 
[Haniel upacmet—S 
Lewiel uipetconest 


Operating free-air temperature range 


70 


PARAMETER 


¢ 
= 
—j 


+ 
<< 
a] 


a 
a 


8 


High-level output voltage 


Veg = MIN, Vj, = MAX, 
Vyy = MIN 


Voc = MIN, by = tye 


input current af maximum — \ 
pa Vog = MAX, V, = 7.0V 


Vog = MAX, V, = 2.7V 


‘1. For conditions shown as. MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values ara at Vo- = SV, Ty = 25°C. See at ae - ‘ 
3. The output conditions have been chosen to produce current that closely approximates one haif of the tue short-circuit output current, Ing. 


October 31, 1988 5-42 


Product Specification 


Quad 2-Input Exclusive-OR Gates 74ALS86 
AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER TEST CONDITIONS F - 


Propagation dela 

s nA or nB to nY : Waveform 2 (ones neat ke) Ee pel 
Propagation dela: 

aE wenemtetrtmainos [So |e | 


AC WAVEFORM 


Ty = O°C to 470°C 
Voc = 5V+10% 
a = §00Q 
Cc, = SOpF 


Wavetorm 1. Propagation Delay for Data to Output Waveform 2. Propagation Delay for Data to Output 


NOTE: Yun =13V 


TEST CIRCUIT AND WAVEFORMS 


Test Circult fcr Totem-Pole Outputs Input Pulse Definition 


DEFINITIONS INPUT PULSE REQUIREMENTS 


so emsccumemnnannn [eae ee] wT 
C, = Load capacitance includes jig and probe capacitance; JaALs 35V 
see AC CHARACTERISTICS for value. 


R= Termination resistance should be equal to Z.y 5, of 
pulse generators. 
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DESCRIPTION 


The 'ALS109A is a dual positive edge-triggered 
JK-type flip-flop featuring individual J, R, Clock, 
Set and Reset inputs; also true and complemen- 
tary outputs. 

Set (5,) and Reset (Fi) are asynchronous active- 
Low inputs and operate independently of the 
Clock (CP) input. 

The J and K are edge-triggered inputs which 
control the state changes of the flip-flops as 
described in the Mode Select Function Table. 
The J and K inputs must be stable just one setup 
time prior to the Low-to-High transition of the 
clock for predictable operation. The JK design 
allows operation as aD flip-flop by tying J and K 
inputs together. 

Although the clock input is level sensitive, the 
positive transition of the clock pulse between the 
0.8V and 2.0V levels should be equal to or less 
than the clock to output delay time for reliable 
operation. 


PIN CONFIGURATION 


TOP VIEW 


October 8, 1987 


74ALS 109A 
FLIP-FLOP 


74ALS109A Dual J-K Positive Edge-Triggered Filp-Flops With 
Set and Reset 


Product Specification 


74ALS109A 


ORDERING INFORMATION 
PACKAGES 
16-Pin Plastic DIP 
16-Pin Plastic SO 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


74F(U, 


HIGH/LOW 
19720 
RR Kinput 
o¢ 1 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


3.0mA 


TYPICAL fay 


150 MHz 


RANGE 
Voc = §V+10%; Ty = 0°C to +70°C 


COMMERCIAL 


74ALS109AN 
74ALS109AD 


LOAD VALUE 
HIGH/LOW 


20nA/0.2mA 
20nA/0.2mA 


J 
1.072.0 

Clock inputs (Acting rising edge) 

He | sree te 


1.0/2.0 
[Row Foy [Reset inputs (Active Lowy 


1.0/4.0 20pAN0.AmA 
ZONA 
0,0, 3G 


0 am 
NOTE: 


One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL(IEEE/IEC) 


Product Specification 


FLIP-FLOP 74ALS109A 


LOGIC DIAGRAM 


FUNCTION TABLE 


H = High voltage jevel 

h-= High. vottage level one setup time prior to Low-toHigh clock transition 
L = Low voltage level 

| = Low voltage level one setup time prior to Low-to-High clock transition 
NC=No change from the previous setup 

X = Don't care 

T = Low-to-High clock transition 

* =The output levels in this configuration are not guaranteed to meet the 
minimum levels for V_,., if the Set and Reset are neers V,, maximum. 
Furthermore, this con is nonstable; that is, it wiTnot remain 
when either Set or Reset retyns to its inactive (High) level. 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


-0.5 0 +7.0 v 
0.5 to +7.0 Vv 


A 
Vv 


Ce 


0 to +70 
-65 to +150 


Product Specification 


FLIP-FLOP T4ALSIO9A . 


RECOMMENDED OPERATING CONDITIONS 


High-level input voltage | 20 | 


Low-level input voltage 


aaa 


Input clamp current 


Rei 
hs 
High-level output current fe Sea 
Pee 
ae 


Low-level output current 
Operating free-air temperature range 


° 


: 


OH High-level output voltage 


x | 
J 
HSE 
253 
¢ 


< 
Q 
<<< 
=F 
i 
= 
44 


Low-level output voltage 


Vix Input clamp voltage Veo =MIN, iF 


| za/ 
Pl sim 


Input current at maxi- 


Veo = MAX, V, = 7.0V 
mum input voltage ce ' 


= 

= 

sca 

el 

|_| 
ae a a 
: | -120 | 
ma 

Lezed 

| 20 | 

aa 


High-level input current 


a 
A 
vv 


Low-level input current 


ci 
Voc = MAX, Vv, 20.4V 


t current > Vo, = MAX, V, = 2.25V 
Sopay covet foal? 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V, = SV, T, = 25°C. ae 

3.The output conditions have been chosen 1 produce a curent that cosely approximates one half ofthe true short creut ouput curent, Log. 
4.Measure i. with the clock input grounded and all outputs open, then with Q and G outputs High in tum. 


: 


#1 /3 Sell <]<] < | 8 | 


o 
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Posebhe tae 84 Product Specification 


FLIP-FLOP | TAALSI09A 


AC ELECTRICAL CHARACTERISTICS ~ 


PARAMETER 


tr 2 OC to +70°C 


t.(H) | Setup time, High or Low 
fil) | s, Rtoce 


H Haid time, High or Low 
a 


wo Clock pulse width, High or Low 


Product Specification 


FLIP-FLOP T4ALS109A 


AC WAVEFORMS 


Wavelorm 1. Propagation delay for data to output, data Waveform 2. Propagation delay tor set to outprt, set 
‘estup time and hold times and clock width ier 


pulee width and recovery time for eet to clock 


Waveferm 3. Propagation delay for reeet to output, reset 
Puloe width eng recevery time fer teeat to clock 


NOTE: For all waveforms, Vy 1.3V. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


tw 
Vy = 1.3V 
Test Circuit For Totem-Pole Outputs Input Pulse Definition 


DEFINITIONS 


FAMILY 
Load resistor; see AC CHARACTERISTICS for value. Amplitude 


Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. as Bey 
Termination resistance should be equal to Zour of 

pulse generators. 
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7T4ALS112A 
Flip-Flop 


Dual J-K Negative Edge-triggered Flip-Flop 
Preliminary Specification 


DESCRIPTION 


The 74ALS112A, Oval Negative Edge- 
Triggered JK-Type Flip-Flop, features indi- 
vidual J, K, Clock (GP, ), Set (5) and Reset 
(F,) inputs, true (Q,) and complementary 
(Q_) outputs. 


TYPICAL SUPPLY CURRENT 
TYPE TYPICAL I yay TOTAL) 


TAALS112A ee) 


ORDERING INFORMATION 
PACKAGES 


COMMERCIAL RANGE 


The 5, and Ri, inputs, when Low, set or : Vog = 5V310%; Ty = °C to 470°C 
reset the outputs as shown in the Function 16-Pin Plastic DIP N74ALS112AN 
Table regardless of the level at the other 16-Pin Plastic SO N74ALS112AD 


inputs. 

A High level on the clock (CP, ) input en- 
ables the J and K inputs and data will be ac- 
cepted. The logic levels at the J and K 
inputs may be allowed to change while the 
CP. is High and the flip-flop will perform ac- 
cording to the FunctionTable as fong as 
minimum setup and hold times are ob- 
served. Output changes are initiated by the 
High-to-Low transition of the CP... 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
74ALS(U.L.) | LOAOVALUE, 

| rms | escneron | enon | LOW 
Ti 
[Kyi 
ho Soi | oe tL on 
oem. eens | ee [ae 

Active falling edge 


Q,% + Q, a, Data outputs 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.6mA in the Low state. 


PIN CONFIGURATION LOGIC SYMBOL | LOGIC SYMBOL(IEEENEC) 


July 1988 


eye Preliminary Specification 


Flip-Flop 74ALS112A 


LOGIC DIAGRAM 


h-= High voltage level one setup time prior to High-to-Low clock transition 
L = Low voltage level 
|= Low voltage level one setup time prior to High-to-Low clock transition 
QaLower case fetters indicate the state of the referenced output prior to the High-to-Low clock transition 
X = Don't care 
t= High-to-Low clock transition 
Asyochronous inputs: Low input Sy sets Q to High level, Low input oF sate Qo Low level : 

: Set and are independent of clock 

Simuttaneous Low on both S,, and makes both Q and G High 

* =Both outputs will be High white both 5, and Fi, are Low, the output states are unpredictable it 5, 
and Ri, go High simultaneously. 


: 
j 
i 


’ ABSOLUTE MAXIMUM RATINGS {Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


0.5 to +7.0 
0.5 t© +7.0 


input current 


Voltage applied to output in High output state 
Current applied to output in Low output state 


aE EN Preliminary Specification 


Flip-Flop TAALS112A 


RECOMMENDED OPERATING CONDITIONS 


Cs eee 
ws : SB 
Famelno — Se 
a a eee AA As 
eo 
a 


[ing __[ pata cre ne 
y ton | High-level output current ee ol 
[tay | ar ai cr Sag asian apes Se ee 

ae ee ee Ee ee 


Operating free-air temperature range Re 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


High-level output voltage Voc £10%, Vu = MAX, Vy, = MIN, | oy 0.4mA iVoc" 
~ Tcoammoamawmg | Meer =max [ iggrana | 
lo output voltage 
Vac [Tei lame vege Woo MNT Te 
Input current at maximum K _, CP 00 
Gh [ne Rw “Fn Voc = MAX, V, = 7.0V 
input voage Bon Fon 
Sie High-level input current Voc = MAX, V, =.2.7V 


fi Low-level input current [54K 2 Vog = MAX, V, = 0.4V 
[Som Fon | 


UNIT 


O 

@ 
BG 
El 


< 
ft 


evil 
al 
BEEEES 


a 
ae 
BESE 


NOTES: ; 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vor = SV, T, = 25°C. 

3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current. 
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: Signetics ALS Praducts: Preliminary Specification 


Flip-Flop 74ALS112A 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


oa | tmencinns [ames | @ | | we 
Propagation delay 
a ve 
_ Propagation delay 


AC SETUP REQUIREMENTS 


PARAMETER 


Setup time, High or Low 


‘ JK, 10 CP, 
H Hold time, High or Low 
my Jn» K, to cP 


CP’ Pulse width, 
High or Low 


5, or Fi, Pulse width, 
Low 


Wavetorm 1. Propagation 
setup t and }, and clock width 


The shaded area indicate when the input is permitted to change for 
predictable output performance. 


NOTE: For all waveforms, V,, = 1.3V. 


Delay For data to output, data 
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Prelirninary Specification 


Ee Ee 


Flip-Flop 7T4ALS112A 


rt 


AC WAVEFORMS 


Waveform 2. Waveform 3, 
Propagation Delay for set to output, set Propagation Delay for reset to output, reset 
pulse width, and recovery time for set to clock pulse width, and recovery.time for reset to clock 


NOTE: For all waveforms, V, = 1.3V. 


TEST CIRCUIT AND WAVEFORMS 


PULSE 
GENERATOR 


Test Circuit For Totem-Pole Outputs 


DEFINITIONS 
RR, = Load resistor; see AC CHARACTERISTICS for value. 
Q= Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 
= Termination resistance should be equal to Z,, ,, of 
pulse generators. 
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—7TAALS138 


FEATURES 

« Demuitiptexing capability 

* Multiple input enable for easy 
expansion 

+ Ideal for memory chip select de- 
coding 


DESCRIPTION 


The 74ALS138 decoder accepts three bi- 
nary weighted inputs (Ay. Ay, Ag) and 
when enabied, provides eight mutually ex- 
clusive, active-Low outputs (0,-G,). The 
device features three Enable inputs; two 
active-Low(E,,E,) and one active 
High(E,,). Every output will be High unless 

and E, are Low and E,, is High. This 
multiple enable function allows @asy par- 
allel expansion of the device to a 1-0f-32 
(5 lines to 32 lines) decoder with just four 
‘ALS138s and one inverter. The device 
can be used as an eight output demulti- 
plexer by using one of the active-Low 
Enable inputs as the Data input and the 
remaining Enable inputs as strobes. En- 
able inputs not used must be permanently 
tied to their appropriate active-High or 
active-Low state. 


PIN CONFIGURATION 


Vec 
Go 
a 
@2 
Gs 
7) 
Gs 
Gs 


August 1988 


Decoder/Demultiplexer 
1-Of-8 Decoder//Demuitiplexer 
Preliminary Specification 


TYPICAL PROPAGATION 
DELAY 
T74ALS138 t2ns i 


ORDERING INFORMATION 
COMMERCIAL RANGE 


16-Pin Plastic DIP N74ALS138N 
16-Pin Plastic SO N74ALS138D 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
Address inputs 1.0/1.0 20pA/0. 1mA 


Enable inputs (active Low) 
[tari | ane | 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


5mA 


Enable input (active Low) 
Daia outputs (active Low) 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20,A in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL(IEEE/IEC 


Qo Gy G2 Q3 Og Qs Og 7 


° Oo Oo O 


18 14 131211109 7 


Voc = Pin 16 
GND = Pin 8 


Preliminary Specification 


74ALS138 


Decoder/Demultiplexer 


LOGIC DIAGRAM 


DECODER FUNCTION TABLE 


=x 
=x 
x 
= 
x= 
= 
J 
a 


L HI 4H 
L oH 


L H/]H H H H H L H H 
L H HIH H H H HH, EL A 


L H|H H H|H H H H H HH EL 


L 
L 


H = High voltage jevel 
= Low voltage level 


L 


X = Don'tcare 
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August 1988 


Preliminary Specification 


Decoder/Demultiplexer 74ALS138 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
‘Uniess otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL PARAMETER | RATNG | —sUNIT 
Supply voltage 0.5 to +7.0 v 


Vin Input voltage 0.5 to +7.0 Vv 
BR a ERG BC ee 


Voltage applied to output in High output state 0.5 to Von Vv 
four c mA 
Operaing fever iperlure range 
eT re Te 
RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Sora ate = 
High-fevel input voltage 
A 


eta atage Pe nee Gee 
aa Input clamp current le 4 | 8 | 
| lon | High-level output current 


Low-level output current 


ia 
[| epena teva onprsig ge 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


SYMBOL PARAMETER 


Vou High-level output voltage . . 
a 
Vor Low-level output voltage Vy = MAX, 7 
MrMn [top roma fos 


Input clamp voltage 

Input current at maximum 
[| tea 
Fi | Hohiontit cant | 
[| towievelinpat caren 
an 


| mA 
[eutcuron | Nag = WK Ygwzaey fae fe 
ee ee ee 
NOTES: 


1. For condiions shown ae MIN or MAX, use the appropriate value spected under recommended operating condiions forthe applicable ype, 
2. All ypical values are at Von. = SV, T, = 25°C, 
3. The output conditions have been choven to produce a current that closely approximates one half of the tue short-ciruit output current... 


x 
: 
ri 
3 
< 
i ‘ 
a 


Ee 
a 
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par ae eee ea ; SS Ret ERE p : Preliminary Specification 


Decoder/Demultiplexer . 74ALS138 


AC ELECTRICAL CHARACTERISTICS 


Waveform 1. For Inverting Outputs Waveform 2. For Non-inverting Outputs 


NOTE: For all waveforms,V,, =1 3V 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For Totem-Pole Outputs Input Pulse Definition 


DEFINITIONS 
R, = Load resistor; see AC CHARACTERISTICS tor value. eer ss eee 


“amy [__ RAT RRECaRENETS 

AS cemmccoemermersncs [a el [a 
gee AC CHARACTERISTICS for value. - FAAS 

erecta elas] me jeenlenle| 


pulse generators. 
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FEATURES 

+ Domuttiplexing capability 

* Two independent 1-of-4 decoders 
+ Multifunction capability 


DESCRIPTION 


The 74ALS139 is a dual 1-0f-4 decoder/ 
demuhtiplexer. This device has two inde- 
Pendent decoders, each accepting two 
binary weighted inputs Ao, A, 1) andpro- 
viding four mutually exclusive active-Low 
outputs (0, -@._). Each decoderhas an 
active-Low Enable (E). When E is High, 
@very output is forced High. The Enable 
can be used as the Data input for a 1-of-4 
demuttiplexer application. 


FUNCTION TABLE 


August 1983 


74ALS139 


Decoder/Demultiplexer 


Dual 1-Of-4 Decoder//Demultiplexer 


Preliminary Specification 


ORDERING INFORMATION 


16-Pin Plastic SO 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


Address inputs 


ie Pa Pie OP rata 


COMMERCIAL RANGE 
Vex wz 5V110%; T, = 0°C to +70°C 


NOTE. 


One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL 


LOGIC SYMBOL(IEEENEC: 


Preliminary Specification 


Decoder/Demultiplexer 74ALS139 


LOGIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER RATING UNIT 
0.5 to +7.0 v 
0.5 to +7.0 v 
Voltage applied to output in High output state 


Veo 
Ee eS OC ee 
ee a ee 


SYMBOL 
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__..,,.Praliminary Specification 


Decoder/Demultiplexer 74ALS139 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage 


High-level input voltage 


Low-level input voltage 


Input clamp current 


High-level output current 


Low-level output current 


Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS — (Over recommended operating free-air temperature range unless otherwise noted.) 


SYMBOL PARAMETER 


High-level output voltage 


Input clamp voltage 


Input current at maximum 
input voltage 


TEST CONDITIONS’ 


Vogt10%, Vi. = MAX, Vay = MIN, logy = -0-4MA 


Low-level output voltage 


Voc = MAX, V, = 7.0V 


High-level input current Vog = MAX, V,=2.7V 
Voc = MAX, vy, =0.4V 


Voc. = MAX, Vo = 2.25V 


Low-level input current 


Output current 


Voc = MAX 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Veg = SV, T, = 25°C. 


3. The output conditions have been chosen to produce a current that dosely approximates one half of the true short-ciruit output current,\,,. 
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Preliminary Specification 


Decoder/Demultiplexer 


74ALS139 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


Vee = 5V+10% 
tou Propagation delay 
ty 


T, = 0°C to +70°C 


x= 


A 
TEST CONDITION | °G, 5 SopF 
mm: ee 


R, = 5000 
PLH Propagat one Waveform 2 
tout E tod, 


AC WAVEFORMS 


Waveform 1. For inverting Outputs Waveform 2. For Non-inverting Outputs 


NOTE: For all waveforms,V,, =1.3V ; 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit For Totem-Pole Outputs 


OEFINITIONS 
Load resistor; see AC CHARACTERISTICS for value. 


see AC CHARACTERISTICS for value. 


Termination resistance should be equal to Zour of 
pulse generators. 
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INPUT PULSE REQUIREMENTS 


Load capacitance includes jig and probe is saris SS 


Fa ed aed 


/4ALS151 


Multiplexer 


74ALS151 8-Input Multiplexer 
Preliminary Specitication 


TYPICAL PROPAGATION 
TYRE DELAY 


74ALS151 12ns 


FEATURES 

¢ 8-to-1 multiplexing 

« On chip decoding 

« Multifunction capabitity 
« Complementary outputs 


+ See 'ALS251 for 3-state version ORDERING INFORMATION 


TYPICAL SUPPLY CURRENT 
(TOTAL) 
7.5mA 


COMMERCIAL RANGE 
DESCRIPTION aseaned Vog = SVE10%: T, = 0°C to 470°C 


: ae : N74ALS151N 
The 74ALS151 is a logic implementation 
of asingle pole 8-position switch with the N74ALS151D 


switch position controlled by the state of 
three Select (Sy, S,,S,) inputs. True(Y) 
and complementary (% outputs are both 
provided. The Enable (E) is active Low. 
When E is High, the Y output is Low and 
the Y output is High. regardless of all 


2.6mA/24mA 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL(IEEENEC 


@ 3 2 1 18 14 13 12 


lo 'y le ty Ig Vs tg Ny 


TOP VIEW 


August 16, 1988 


Preliminary Specification 


74ALS151 


Multiplexer 


LOGIC DIAGRAM 


FUNCTION TABLE 


H = High voltage level 
L = Low voltage levei 
X = Dontcare 
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Auguet 16, 1988 


Preliminary Specification 


Multiplexer 74ALS151 


ABSOLUTE MAXIMUM RATINGS ‘(Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL PARAMETER 


050470 
: 05% 470 
V 
th 


| iw | Input current 


Voltage applied to:output in High output state 


out Current applied to output in Low output state 
Operating free-air temperature range Oto +70. 
Storage temperature -65 10 +150 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


Supply voltage 
High-level input voltage 


Input clamp current 

High-level output current 

Low-level output current 

Operating free-air temperature range 


| Moo _| 
| Ya | 
Low-level input voltage 
|x | 
| tow | 
| to | 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


High-level output voltage 


Low-level output voltage 


Input clamp voltage Voc = MIN, | = lig 


Input clamp current at maximum 


input voltage = MAX, V, = 7.0V 


Veco 
Voc = MAX, V, = 2.7V 


High-level input current 


fw | 
i Lever ieeoarent 
te | 


a i Vec = MAX, Vi= 0.4V 
NOTES: 


1. Fer conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vo~ = SV, Ty = 25°C. 
3. The output conditions have been chosen to produce & current that closely approximates one half of the true short-ciruit output current,|... 


‘ 
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Preliminary Specification 


Multiplexer 


74AL8151 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


TEST CONDITION 


Ty = 0°C to +70°C 
Vag = SV 410% 
ce 
C, = 50pF 
R, = 5000 


Propagation delay 


I. two Y Waveform 1 


Propagation delay 
Propagation delay 
S$, wy 

Propagation delay 


Propagation delay, 
Ewy 


Propagation delay 
EwY - 


Waveform 1. For Inverting Outputs 


', to Waveform 2 


7 
Ss, to Waveform 1,2 7 


Waveform 2. For Non-inverting Outputs 


NOTE: For ai wavetorms,V,, =1.3V 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For Totem-Pole Outputs 


DEFINITIONS 


R, = Load resistor; see AC CHARACTERISTICS for value. 


L 


Cc. = Load capacitance includes jig and probe capacitance; 


see AC CHARACTERISTICS for value. 
R, = Termination resistance should be equat to Zour of 
pulse generators. 


August 16, 1988 


input Pulse Definition 


INPUT PULSE REQUIREMENTS 
FAMILY 
 Amemate | Romo | tw [tran [tra 
Fidos Rie [ioc 


FEATURES 

+ Non-inverting outputs 

* Common select inputs ~ 

« Separate enable for each section 
* See "ALS253 for 3-State version 


DESCRIPTION 


The 74ALS153 has two identical 4-input 
multiplexers with 3-state outputs which 
select two bits from four sources by using 
common select inputs (S,,S,). The two 4- 
input multiplexer circuits have individual 
active-Low Enables (E,,E,) which can be 
used to strobe the outputs independently. 
Outputs (Y,, Y,) are forced Low when the 
corresponding enable is High. 


The 74ALS153 is the logic imptementa- 
tion of a 2-pole,4-position switch, where 
the position of the switch is determined by 
the logic levels supplied to the common 
select inputs. 


PIN CONFIGURATION 


TOP VIEW 


August 1988 


T4ALS153 
Multiplexer 


Dual 4-Input Multiplexer 


Preliminary Specification 
TYPICAL PROPAGATION 


TYPICAL SUPPLY CURRENT 
DELAY : (TOTAL) ; 


ORDERING INFORMATION 
COMMERCIAL RANGE 


PACKAGES Vog = SV£10%; T, 2 O°C to +70°C 


16-Pin Plastic DIP N74ALS153N 
Tia Fase 80 ee. 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


74ALS(U.L) | LOADVALUE 
Port A data inputs 


arb ea Pa 
Si eoelenli gore cL 


Port A Enable input (active Low) | 1.010 | 
Port B Enable input (active Low) 1.0/1.0 


NOTE: : 
One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL(IEEE/EC, 


6 5 43 10 1:12:13 


Von S10 '20 '30 bod! 1m !2p f3y 


Veg = Pin 18 
GNO = Pind 
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: Preliminary Specification 
A 


Multiplexer 7 74ALS153 


LOGIC DIAGRAM 


tb ! ap 


0 ' op 


Vog = Pin 16 
QNO » Pin’ 


mo Er oe de 


g 
§ 


Preliminary Specification 


Multiplexer 74ALS153 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER | rama | unr 
| tw | 


Voltage applied to output in High output state 
| Nour | Current applied to output in Low output state 
Operating free-air temperature range 


Storage temperature 


RECOMMENDED OPERATING CONDITIONS 


PARAMETER 


High-level input voltage 

Tine | iatanpeone 
| ton | High-level output current 
| to | 


Low-level output current 


Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


PARAMETER 


i 
: 
: 
4 


BEREE 


High-level output voltage 


Low-level output voltage 
Input clamp voltage 
Input clamp current at maximum 
High-level input current 
Low-level input current 
Output current 
Supply current (total) 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. Ail typical values are at Vo¢ = SV, T, = 25°C. 
3. The output conditions have been chosen to produce a current that dosely approximates one half of the true short-ciruit output current,|,.. 


Veg = MIN, hel 


S 
3 


i=) 


= 
w 
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i 


Peete YU 


Multiplexer att 74ALS153 


AC ELECTRICAL CHARACTERISTICS . 


T, = 0°C to +70°C 
Vog = SV £10% 
PARAMETER TEST CONDITION} °E . sopF 


R, = 5002 


ao 


Waveform 1 


5 3 
oon = oni: aay Waveform 2 


n 
“| Propagation dalay 
7 to Y Waveform 2 


Vu 


toy t pas 
Vu Vu 


Waveform 1. Propagation Delay Waveform 2. Propagation Delay 
Data to Output Select or Enable to Output 


| NOTE: For all waveforms, V,, = 1.2V. 


TEST CIRCUIT AND WAVEFORMS 


PULSE 
GENERATOR 


Test Circuit For Totem-Pole Outputs 


DEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for value. FAMILY 

C, = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 
Termination resistance should be equal to Z 
puise generators. 


74ALS 


‘our of 
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DESCRIPTION 


The 74ALS157 is a Quad 2-input multi- 
plexer which selects 4 bits of data from 
one of two sources under the control of 
acommon Select input (S). The Enable 
input (E) is active when Low. When E is 
High, all of the outputs (Y_) are forced 
Low regardless of all other input condi- 
tions. 


Moving data from two registers to a com- 
mon output bus is a typical use of the 
74ALS157. The state of the Select input 
determines the particular register from 
which the data comes, 


The device is the logic implementation of 
a 4-pole, 2-position switch where the 
position of the switch is determined by the 
logic levels supplied to the Select input. 
The 74ALS158 is similar but has inverting 
outputs (Y,). 


PIN CONFIGURATION 


September 21, 1988 


74ALS157, 74ALS158 
Data Selectors/Multiplexers 


74ALS157 Quad 2-Input DataSelect/Multiplexer, Noninverting 
74ALS158 Quad 2-Input Data Selector/Muitiplexer, Inverting 


Product Specification 
TYPICAL PROPAGATION 


sea 


maaisis7 [6 0ns 
maasisa | 6Ons 


TYPICALSUPPLYCURRENT — 
(TOTAL) 


ORDERING INFORMATION 


COMMERCIAL RANGE 
PACKAGES Vag = 5V210%; T, = 0°C to 470°C 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


T4R(U.L) 
HIGH/LOW 


NOTE: 
~ One (1.0) ALS Unit Load is defined as: 20A in the High state and 0.1mA in the Low atate. 


LOGIC SYMBOL LOGIC SYMBOL(IEEE/IEC 


23 5 6 11 0 4 19 
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Signetics ALS Products Product Specification 


Data Selectors/Multiplexers - 74AL8157, 74ALS158 


PIN CONFIGURATION LOGIC SYMBOL 
74ALS158 


LOGIC SYMBOL(IEEEAEC) 


23 5 6 1% 10 14 13 


ha a be te be he b0 hn 


Ya Ye Yo Yo 


Von hha be he 


be he 


rae hha - he 


be he 
8 


Ht tt tt 
oot 
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Data Selectors/Multiplexers 74ALS8157, 74ALS158 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
: otherwise noted these limits are over the operating free-air temperature range.) 


sr 
Input voltage | 


High-level input voltage: - 
1M | Low-level input voltage | 08 
[ig | eputcta coon = 
Fieve! ouput cure es ee 
Pa | etapa srt fe ee 
Pe ee! ne he 


Input clamp voltage 


Input current at maximum 


High-level input current 
Low-level input current 
t | 74AUS157 | 
| 74A18158 | 
NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical valuus are at Von = SV, T, = 25°C. 
3. The output conditions have been chosen to produce @ current that closely approximates one half of the true short-ciruit output current,|,.. 


i 


September 21, 1988 5-72 


Product Specification 


Data Selectors/Multiplexers — 7HALS187, 74ALS158 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 


Propagation delay 
1, orl 


in? 


Yn 


Pi] Sto 
: Propagation delay 
ee 


Vent an ® 


Waveterm 2. Propagation Delay For 
Date And Select To Output 


Wavetorm 3, Prepogatio For 
Ms A be in Delay Wevetorm 4. Propegstion Doley For 


NOTE: For all waveforms, V,, = 1.3V. 


Test, Ciroukt ‘For Totem-Pole Outputs 


eee Input Pulse Definition 
DEFINITIONS | : 
R, = Loadresistor; sea AC. CHARACTERISTICS for value. 
_C, = Edad capacitance includes jig and probe capacitance; 
tee AC CHARACTERISTICS for value. 
R, = Termination resistance should be‘equal to Zour Of 


pulse generators. 


INPUT PULSE-REQUIREMENTS 


FAMILY : 
[sn [re [nn 
od a i dd 
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FEATURES 
« Synchronous counting and loading 


* Two count enable inputs for.n-bit 
cascading 


* Positive edge-triggered clock 

¢ Asynchronous Reset (‘ALS161B) 

* Synchronous Reset (‘ALS163B) 

» High speed synchronous expansion 
* Typical count rate of 140MHz 
DESCRIPTION 


Synchronous presettable 4-bit binary counters 
(‘ALS161B, 'ALS163B) feature an internal 
carry look-ahead and can be used for high- 
speed counting. Synchronous operation is 
provided by having all flip-flops clocked simul- 
taneously on the positive-going edge of the 
clock. The clock input is buffered. 


The outputs of the counters may be preset to 
High or Low level. A Low level at the Parallel 
Enable (PE) input disables the counting action 
and causes the data at the DD, inputs to be 
loaded into the counter on the positive-going 
edge of the clock (provided that the setup and 
hold requirements for PE are met). Preset 
takes place regardless of the levels at Count 
Enable (CEP, CET) inputs. 


A Low level at the Master Reset (MR) input 
sets ail the four outputs of the flip-flops (Qy -Q3) 
in ‘ALS161B to Low levels, regardless of the 
levels at CP,PE,CET and CEP inputs (thus 
providing an asynchronous clear function). For 
the ‘ALS163B the clear function is synchro- 
nous. A Low level at the Synchronous Reset 
(SR) input sets all four outputs of the flip-flops 
(Q -Q,) to Low levels after the next positive- 
going transition on the clock (CP) input (pro- 
vided that the setup and hold time require- 


PIN CONFIGURATION 
‘ALS161B 


TOP VIEW 
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74ALS161B,74ALS163B 


Counters 


4-Bit Binary Counters 
Product Specification 


TYPE TYPICAL f TYPICAL SUPPLY CURRENT 
= OTAL). . 


10mA 


ORDERING INFORMATION 


74ALS161B 140MHz 
74ALS163B 140MHz 


10mA 


COMMERCIAL RANGE 
Vog = SVE10%; T, = 0°C to +70°C 


16-Pin Plastic Dip 


74ALS161BN, 74ALS163BN 


- 16-Pin Plastic SO 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
DESCRIPTION 


74ALS161BD, 74ALS163BD 


74ALS(U.L) 
HIGH/LOW 


LOAD VALUE 
HIGH/LOW 


Data inputs 


Count Enable Parafiel input 


Count Enable Trickle input 


. | Clock input (active rising edge) 


Paraliel Enable input (active Low) 


Asynchronous Master Reset input (active 


Low) for ‘ALS161B 


onous Heset input (active Low) fo 


‘ALS163B 
Terminal count output 


Flip-flop outputs 


One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


ments -for SR are met). This action occurs 
regardless of the levels at PE, CET, and CEP 
inputs. The synchronous reset feature en- 
ables the designer to modify the maximum 


LOGIC SYMBOL 
‘ALS161B 


$456 


14:13:12 «14 


Yoo = Pin 16 
GND = Pin 8 


5-74 


count with only one external NAND gate (see 
Figure A). The carry look-ahead simplifies 
serial cascading of the counters. Both Count, 
Enable (CEP and CET) inputs must be High to 


LOGIC SYMBOL(IEEE/IEC) 
‘ALS161B 


Product Specification 


Counters 74ALS161B, 74ALS163B 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL(IEEE/IEC) 


14 13:12 11 


Vog = Pin 16 
GNO = Ping 


count. The CET input is fed forward to enable Qo, This pulse can be used to enable the next + mended for use as clock or asynchronous 
the TC output. The TC output thus enabled wil cascaded stage (see Figure B). The TC output reset for flip-flops, registers, or counters. 
produce a High output pulse of a duration is subjected to decoding spikes due to intemal 

approximately equal to the High level outputof race conditions. Therefore, it is not recom- 


APPLICATIONS 


Fig. A maximum count modifying scheme 
Terminal count = 6 
HH = Enable count 


or 


LL = Disable count 
ew 


an 
B44% 


Fig. 8 Synchronous multistage counting scheme 
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__ Product Specification 


Counters. 74ALS161B, 74ALS163B 


MODE SELECT-FUNCTION TABLE for ‘ALS161B 


Tam | ce [cep [cer] Pe] 0, | a, | te | STMATMOMOPs 
Pex [x [x Tx Tx Pit petiaeen 
t L L 
ete tee EE e EATS [ems | 
pH tt fn fin [on [x fooum} ww | com | 
nixtelrteletele [om 
a, a 4 h. a, L — 


MODE SELECT-FUNCTION TABLE for 'AL$1638 


tage level 
he sgh valges lavelefbinip bei is h CnwSgh ech oma 
L = Low voltage level 
| = Low voltage level one setup prior to the Low-to-High clock transition , 
op = Lower case letters indicate the state of the referenced output prior to the Low-to-High clock transition 
« Don't care 
t = 
(a) = The 10 ouput'e High when CET is High and the counter is ae Terminal Count (HHH) 


STATE DIAGRAM 


: Count EnablexCEP-CET-PE 
TCwy°O,-O,-Q,°CET 


a 


ae 
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Counters. 


LOGIC DIAGRAM for 'ALS161B 


Product Specification 


74ALS161B, 74ALS163B 


+r] | - 
e El a 


‘= 
be 
e8. 


Product Specification 


74ALS161B, 74ALS163B. 


Counters 


LOGIC DIAGRAM for ‘ALS163B 
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Product Specification 


Counters 74ALS161B, 74ALS163 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the davies: 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


0.5 to +7.0 

-0.5 to +7.0 
Input current -30 to +5 
Voltage applied to output in High output state -0.5 to Voc 
Current applied to output in Low output state 16 
Operating free-air temperature range 0 to +70 


Storage temperature 5 to +150 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


Supply voltage 
Low-level input voltage 

Px | Input clamp current 
| ton | High-level output current 
[to | 


Low-level output current 
Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


PARAMETER TEST CONDITIONS’ 


High-level output voltage ogt!0%, Vy = MAX, Vay = MIN, | 


Low-level output voltage 


Input clamp voltage 


Input current at maximum 
input voltage 


High-level input current Voc = MAX, Vv, =2.7V 
Low-level input current Voc = MAX, V, =0.4V 


Vog = MAX, V, = 7.0V 


Output current Voc = MAX, Vo = 2.25V 


Supply current (total) 


NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vo-, = 5V, T, = 25°C. 


2. The output conditions have been chosen to produce a current that closely approximates one haif of the true short-cirvit output currentiing- 


September 26, 1988 5-79 


Product Specification 


Counters 74ALS161B, 74ALS163B. 


TEST CONDITION 


fuax Maximum clock frequency 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


t Propagation delay 
te | «CP toQ, 


Propagation delay 
CP to TC 
Propagation delay 
CET to TC 
Propagation delay 
WA to. Q 


AC SETUP REQUIREMENTS 


SYMBOL 


T, = O°C to +70°C 


PARAMETER 


Setup time, High or Low 
D, to CP . 


t.(H) 
t,(H) Hold time, High or Low 
AL) | D,tocP 


t.(H) Setup time, High or Low 
x Rio cr 


t(L) PE or 
(H) Hold time, High or Low 
coe 
| (HM) Setup time, High or Low 
{H) Hold time, High or Low 
CET or CEP to CP Waveform 4 
t(H) CP pulse width (Load) 
(L) High or Low 
t(H) 


CP pulse width (Count) 
Wb) 


Waveform 1 


Wavef 1 
High or Low ee 


MA or SA pulse width, Low Waveform 3 


theo Waveform 3 
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Product Specification 


eee 


Counters a 74ALS161B, 74ALS163B 


ne a a 


AC WAVEFORMS 


Q,, TC Vu Vu 
Waveform 2. 


Waveform 1. Pri tion Delay, CET Input to TC Output 
Propagation Delay, Clock Input to Output, Clock’ bs calla oe at 
Pulse Width, and Meximum Clock Frequency 


Waveform 3. 
Master Reset pulse width, Mester Reset to Output 
Delay and Master Reset to Recovery Time 


Waveform 5. Waveform 6. oe 
Synchronous Reset Setup and Hold Times . Parallel Data and Perelie! Enable Setup and Hold Times 


NOTE: For all waveforms, V,, = 1.3V. 
The shaded areas indicate when the input is permitted to change for predictable output sailanibaiee 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For Totem-Pole Outputs 


DEFINITIONS Input Pulse Definition 


R= Load resistor; see AC CHARACTERISTICS for value. iN SE IREMENTS 
Load capacitance includes jig and probe capacitance; see AC Puy ee eee 


c amy |___NPUTPULSEREQUIREMENTS | 
caer a not wy [|| 
nr Keereaie aattowntnzag etre Face | av | vu _[ etn | 
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FEATURES 

+ Gated serial data inputs 

+ Typical shift frequency of 60 MHz 
« Asynchronous Master Reset 

+ Buffered Clock and Data Inputs 

+ Fully synchronous data transfer 


DESCRIPTION 

The 74ALS164 is an 8-bit edge-triggered 
shit register with serial data entry and an 
Output from each of the eight stages. Data 
is entered serially through one of two inputs 
(D,,. D,,); either input can be used as an 
active-High enable for data entry through 
the other input. Both inputs must be con- 
nected together or an unused input must 
be tied High. 


Data shifts one place to the right on each 
Low-to-High transition of the Clock (CP) 
input, and enters into Q, the logical AND of 
the two Data inputs (D,, D,,) that existed 


one setup time before the rising clock 
wa A Low level on the Master Reset 
(MR) input overrides all other inputs and 
clears the register asynchronously, forcing 
all outputs Low. 


PIN CONFIGURATION 


August 16, 1988 


74ALS164 
Shift Register 


8-Bit Serial-in Paratiel-Out Shift Register 
Preliminary Specification 


ORDERING INFORMATION 
COMMERCIAL RANGE 
Voc = 5V1410%; iW =0°C to +70°C 


74ALS164N 
74ALS164D 


14-Pin Plastic DIP 
14-Pin Plastic SO 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


T4ALS(U.L, 
DESCRIPTION ON. 


1.0/1.0 


LOADVALUE 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20uA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL(IEEEAEC) 


Preliminary Specification 


Shift Register 74ALS164 


LOGIC DIAGRAM 


Sa 


H ss High voltage level 
hh = High voltage level one set-up time prior to the Low-to-High clock transition 
L = Low voltage level 
t= Low voltage level one set-up time prior to the Low-to-High clock transition 
q. = Lower case letiers indicate the state of the referenced input (or output) on setup time prior 
to the Low-to-High clock transition 
X = Don't care 
T = Low-te-High clock transition 


APPLICATION 


CLEAR 
CLOCK 


DATA 


ENABLE 


De Oy Deg Og 04 Os D6 O7 Og Dg Og Ory Dig M3 Oye Ms 


NOTES: 
The 'ALS164 can be cascaded to form synchronous shift registers of any length. 
Here, two devices are combined to form # 16-bit shift register. 


Preliminary Specification 


Shift Register 74ALS164 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
As Unless otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL PARAMETER | ramus unr 
Yer _| Sin in 


EB GT 


Voiugs appledis opin Fgh copa ae [aseNe [vy 


tour. | Current applied to output in Low output state 16 
Operating free-air temperature range : 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


| wn em fe 
oo ee od 
rs [Ee ena a! 
Lol a anes ae 
est ae 
a 
tee | Low-level output current ites, ees 
eae 


Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


met) snare) remeber 

a 

= ee sete 
tha | ly ema | 

pt dang ag ecriiiii=ly 

[4h | iw, re ea 

aa a 


input voltage 
[iy | Hoheelinpitcimen dg WAR Vea 
[ts tovinet inet cine vege aR iste o n 
[tet | Suensinen Tog voetasv 
GE Dol NR PT 
NOTES: 


1. For conditions shown as MIN or MAX; use the appropriate vaiue specified under recommended operating conditions for the applicable type. 
2. Ail typical values are at V.. = SV, Ty = 25°C. ; 
3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current,|... 
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Shift Register 74ALS164 


‘PARAMETER 


| t,(H) 
qt) 


baepnecly e eh nytt areg To Output, 
Clock Pulse Mond meaincame clock frespeney 


WOTE: For of waveforms. V,, = 1.3V. 
‘The shaded arent indicate when the input Is permitted to change ter predictable oyipul performance. 
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Preliminary Specification 


Shift Register : 74ALS164 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit for Totem-Pole Outputs. Input Pulse Definition 


DEFINITIONS mash INPUT | __INPUTPULSE REQUIREMENTS _| | __INPUTPULSE REQUIREMENTS _| 
Rr Ludi AC CRARCTERSTIS rte aw [ee | ty [| 
C= Load capacitance includes jig and probe capacitance; 74ALS 

see AC CHARACTERISTICS fr va ane | a | ee |e] seve eo 


R,= Termination resistance should be equal to Z, 
pulse generators. 
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FEATURES 


¢ Six edge-triggered D-type flip- 
flops 

» Buffered common Clock 

¢ Buffered, asynchronous Master 
Reset 


DESCRIPTION 


The 74ALS174 has six edge-triggered D- 

type flip-flops with individual D inputs and 

Q outputs. The common buffered Clock 

(CP) and Master Reset (MR) inputs load 

and reset (clear) all flip-flops simuttane- 
, ously. 


The register is fully edge-triggered. The 
state of each D input, one setuptime before 
the Low-to-High clock transition is trans- 
ferred to the corresponding flip-flop's Q 
output. 


All Q outputs will be forced Low independ- 
ent of Clock or Data inputs by a Low voltage 
level on the MR input. The device is useful 
for applications where true outputs only are 


74ALS174 
Flip-Flop 


Hex D Flip-Flops 


Preliminary Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


11mA 


74ALS174 


ORDERING INFORMATION 
PACKAGES 


16-Pin Plastic DIP 
16-Pin Plastic SO 


COMMERCIAL RANGE 
= 5V110%; T, = 0°C to +70°C 


74ALS174N 
74ALS174D 


Veo 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


4ALS(U.L) | LOADVALUE 
Se eo 


HIGH/LOW 

[0-85 [amin 
| MA _| Master Reset input(active-Low) 20pA/0.1mA 
anne 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20uA in the High state and 0.1mA in the Low state. 


required, and the Clock and Master Reset _ 


are common to all storage elements. 


PIN CONFIGURATION 


August 16, 1968 


LOGIC SYMBOL LOGIC SYMBOL(IEEE/IEC) - 


Preliminary Specification 


Flip-Flop 74ALS174 


LOGIC DIAGRAM 


Reset (clear) 
Load “1" 
Load "0" 


H = High voltage level 
L = Low voltage level 
X = Don't care 


T= Low-to-High Clock transition _ ; a ; 
h =High voltage level one set-up time prior to the Low-to-High Clock transition. 
| = Low voltage level one set-up time prior to the Low-to-High Clock transition. 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 
PARAMETER 


-0.5 to +7.0 
-0.5 to +7.0 


High-level output current 
Low-level output current 
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Signetics ALS Products Preliminary Specification 


Flip-Flop 74ALS174 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


oo ee 
a 


Veg = MIN, Vy. = MAX 
Vy, = MIN 


Veg * MAX, Vg = 2.25V 
Vog = MAX Sa 


NOTES: : : 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vo = SV, T, = 25°C. 

3. The output conditions have been chosen to produce a current that closely approximates one haif of the true short-ciruit output current,|.,. 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 
T, = OC to +70°C 
SYMBO ' PARAMETER rest conpmon | “oo * SY 80% unr 
L 


Maximum Clock frequency Waveform 1 


| so |_MHz_| 

weno [88 TE 
HL : : 

Fina | Propacation dey WRG, Wavetorma [80 | = 

AC SETUP REQUIREMENTS 


LIMITS 
A 
SYMBO TEST CONDITION 


tH) __| Set-up time Waveform 3 10.0 
t(L) D, to CP Waveform 3 10.0 
(H) Hold time. Waveform 3 ; 
AL) | Ow CP Waveform 3 
twit CP Pulse width, Waveform 1 10.0 ; 
AL) High or Low Waveform 1 10.0 
Tec | Recovery time, MR to CP Wavetorm 2 | 60 
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Preliminary Specification 


a ee 


Flip-Flop 74ALS174 


. 


AC WAVEFORM 


t pH 
Vu 


Waveform 1. Propagation Delay, Clock Input To Output, Waveform 2. Master Reset Pulse Width, 
Clock Pulse Width, and Maximum Clock Frequency Master Reset to Output Delay and 


Master Reset to Clock Recovery Time 


Waveform 3. Data Setup And Hold Times 


NOTE: For all wavelorms, Vo 1.3V. 
The shaded areas indicate when the Input le permited to change lor predictable output parlormance. 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit for Totem-Pole Outputs 


DEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for value. 

CG = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

R,= Termination resistance should be equal to Zour of 
pulse generators. 
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74ALS175 
Flip-Flop 


’ ‘Quad D Flip-Flops 


FEATURES 

« Four edge-triggered D filp- flops 

* Buffered common Clock 

» Buffered, asynchronous Master 
Reset 

«True and complementary outputs 


DESCRIPTION 


The 74ALS175 is a quad, edge-triggered 
D-type flip-flops with individual D inputs 
and both Q and G outputs. The common 
butfered Clock (CP) and Master Reset 
(MR) inputs foad and reset (clear) all flip- 
flops simultaneously. 


The register is fully edge-triggered. The 
state of each D input, one setuptime before 
the Low-to-High clock transition is trans- 
ferred to the corresponding flip-flop's Q 
output. 


Ail Q outputs will be forced Low independ- 
entof Clock or Data inputs by a Low voltage 
level on the MR input. The device is useful 
for applications where both trueand com- 
plement outputs are required, and the 


Preliminary Specitication 


ORDERING INFORMATION 


TYPICAL SUPPLY CURRENT 


(TOTAL) 
11mA 


COMMERCIAL RANGE 


Voc = 5V+10%; WA = 0°C to +70°C 


16-Pin Plastic DIP 


74ALS175N 


16-Pin Plastic SO 


74ALS175D 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


Clock and Master Reset are common to all NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


storage elements. 


PIN CONFIGURATION 


February 1988 


LOGIC SYMBOL 


Gy Gy 0, G, Gy Oy Oy Oy 


2 3 7 6 10 19 18 14 


Voc = Pin 16 
GND = Pn 
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74ALS(U.L) | LOADVALUE 
DESCRIPTION HIGH/LOW | HIGH/LOW 
Data inputs 1.0/1.0 20pA/0. mA 
Clock Pulse input ie 
(active rising edge) 1.0/1.0 20 A/0.1mA 


ft 


0.4mA/8mA 


LOGIC SYMBOL(IEEE/EC) 


Preliminary Specification 


Flip-Flop 


74ALS175 


LOGIC DIAGRAM 


FUNCTION TABLE 


_.. INPUTS 
MR CP 


OPERATING MODE 


Reset (clear) 
Load "1" 
Load "0" 


H = High voltage level 

L = Low voltage level 

X = Don't care 

T= Low-to-High Clock transition 

h =High voltage level one set-up time prior to the Low-to-High Clock transition. f 
| = Low voltage level one set-up time prior to the Low-to-High Clock transition. 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the davice. 


Unless otherwise noted these limits are over the operating free-air temperature range.) 


a ae ___PARAMETER ._ RATING 
Supply voltage -0.5 to +7.0 
Input voltage ° 0.5 10 +7.0 

b 2 Input current. > ; | 30t0+5  * 

Voltage applied to output in High output state [050 4c, 

Vovit > Current applied to output in Low output state ian aa 16 

Th ~ i Operating free-air temperature range : 6 to +70 

Tc 1) Some Gaping | 48% «150 


RECOMMENDED OPERATING CONDITIONS 


' PARAMETER 


High-level input voltage 


Low-level input voltage 


TT Taput clarnp current - 


Preliminary Specification 


Flip-Flop 74ALS175 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


V, 


font High-level output valtage 
aS “Uy, = 1 Vay = MAX 0.4 
Vor Low-level output voltage Nog = MING [ty =4ma | 
V4 = MIN : 


Input clamp voltage 

Input current at maximum 

input voltage 

V4 High-level input current 
Pk | Low-level input current 
ce 
[toc | Supply cumont (otal 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specitied under recommended operating conditions for the applicable type. 
2. All typical values are at Vor = SV, Ty = 25°C. 

3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current Ing. 


AC ELECTRICAL CHARACTERISTICS 


; LIMITS 
Te 0°C to +70°C 
|SYMBO PARAMETER TEST CONDITION cg gpl alos UNIT 
L 


faa Maximum Clock frequency Waveform 1 


P ation dela’ 
pe | Beeere wort | 8B | 
ux | Pesan day WO, | waver [8 | 180 
toy Propagation delay MR to O, - | 80 i 


LIMITS 
tT, 0°C to +70°C 
= SV +10% 


CP Pulse width, 

High or Low 

MA Pulse width, Low 
Recovery time, MR to CP 
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Preiiminary Specification 


Flip-Flop 74ALS175 


AC WAVEFORM 


a Vu 


Waveform 1. Clock to output delay and clock pulse width 


Wavetorm 2. Mester reset to output delay, reset pulee ‘ 
width, and master reset to clock recovery time 


Waveform 3. Data setup time and hold times 


NOTE: For all wavelorms, V,, = 1.3V. 
The shaded areas indicate when the input ls permitted to change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


0% 
NEGATIVE 
PULSE 


Test Circuit for Totem-Pole Outputs 


INPUT PULSE REQUIREMENTS 
DEFINITIONS FAMILY cs ss 
Load resistor; see AC CHARACTERISTICS for value. 
Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. a | 3sv | iMAe 
Termination resistance should be equal to Zour of 
pulse generators. 
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FEATURES 


« Synchronous, reversible counting 


+ Asynchronous paraiiei load capa- 
bility 


* Cascadable without external logic 
* Single up/down control input 


DESCRIPTION 


The 74ALS191 is a presettable 4-bit Binary 
up/down Counter. It contains four edge-trig- 
gered master/siave flip-flops with internal 
gating and steering logic to provide asynchro- 
nous preset and synchronous count up and 
count down operations. Asynchronous paral- 
lel load capability permits the counter to preset 
to any desired number. Information present on 
the parallel data inputs (D,-D, ) is loaded into 
the counter and appears on the outputs when 
the parallel load (PL) input is Low.This 
Operation overrides the counting function. 
Counting is inhibited by a High level on the 
count enable (CE) input. When CE is Low, 
internal state changes are initiated. Overtlow/ 
undertiow indications are provided by two 
types of outputs, the Terminal Count (TC) and 
Ripple Clock (RC) 


The TC output is normally Low and goes High 
when the count reaches zero in the count- 
down mode or "15" in the count up mode. The 
TC output will remain High until a state change 
occurs, either by counting or presetting, or 


PIN CONFIGURATION 
‘ALS191 
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74ALS191 
Counter 


Up/Down Binary Counter With Reset and Ripple Clock 


Preliminary Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


TYPE 
74ALS191—- 


ORDERING INFORMATION 


12mA 


COMMERCIAL RANGE 
Voc = 5V110%; T, 


16-Pin Plastic Dip 


a= 0°C to +70°C 
74ALS191N 


16-Pin Plastic SO 


74ALS191D 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


DESCRIPTION 


LOAD VALUE 
HIGH/LOW 


T4ALS(U.L) 
HIGH/LOW 


1.0/1.0 


20pA/0.1mA 


20pA/0.1mA 


20pA/0.1mA 


NOTE: 


20nA/0.1mA 


a Ripple clock output (active Low) 
[6 Fertareacanse | “en | 


0.4mA/BMmA 
0.4mA/BmA 
0.4mA/8mA 


One (1.0) ALS Unit Load is defined as: 20A in the High state and 0.1mA in the Low state. 


until U/D is changed. TC output should not be 
used as a clock signal because it is subject to- 
decoding spikes. The TC signal is used inter- 
nally to enable the RC output, When TC is 


LOGIC SYMBOL 
‘ALS191 


18110 8 


Voc = Pin 16 
GND = Pina 


High and TE is Low, the RC follows the clock 
pulse. The RC output essentially duplicates 
the Low clock pulse width, although delayed in 
time by two gate delays. 


LOGIC SYMBOL(IEEE/IEC 
‘ALS191 


Preiiminary Specification 


' Counter 74ALS191 


LOGIC DIAGRAM 


—H 
rH 

tt 
Ce 


= High vohage level 
= High voltage level one set-up time prior to the Low-to-High clock transition 
= Low voltage level 

= Law voltage level one set-up time prior 10 the Low-to-High clock transition 
= Don'tcare 


Preliminary Specification 


Counter 


74ALS191 


APPLICATIONS 


¢. Synchreneus N-stage Counter with Commen Cleek and Parraiiel Gated Terminal Court 
* = Corry Gate 


The ‘ALS191 simplifies the design of multi- 
stage counters, as indicated in Figures 1a and 
1b. In Figure 1a, each RC outputis used as the 
Clock input for the next higher stage. When the 
clock input source has limited drive capability 
this configuration is particulary advantageous, 
since the clock source ‘drives only the first 
stage. It is only necessary to inhibit the first 
stage to prevent counting in ail stages, since a 
High signal on CE inhibits the FIC output pulse 
as indicated in the Mode Select Table. The 
timing skew between state changes in the first 
Stage and the last stages is represented by the 


August 16, 1988 


Figure 


cumulative delay of the clock as it ripples- 
through the preceding stages. This is a disad- 
vantage of the configuration in some applica- 
tions. 

Figure 1b shows a method of causing state 
changes to occur simultaneousty in all stages. 
The output signals propagate in ripple 
fashion and ail clock inputs are driven in par- 
allel. The Low state duration of the clock in this 
configuration must be long enough to allow the 
negative going edge of the FIC signal w ripple 
through to the last stage before the clock goes 
High. Since the RC output of any package 
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goes High shortly atter its clock input goes 
High, there is no restriction on the High state 
duration of the clock. 

In the Figure 1c, the configuration shown 
avoids ripple delays and their associated re- 
strictions. The combined TC si from aff 
the preceding stages forms the CE input signal 
for given stage. An enable signal signal must 
also be included in each carry gate in order to 
inhibit counting. Since the TC output of a given 
stage is not affected by its own CE, the simple 
scheme of Figure 1a and 1b does not apply. 


Preliminary Specification 


Counter 74ALS191 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 
SYMBOL 


PARAMETER RATING UNIT 
-0.5 to +7.0 v 


Vv 


Supply voltage 
Input voltage 
Input current 
Voltage applied to output in High output state 
Current applied to output in Low output state 
Operating free-air temperature range 


Vv 
re 


Storage temperature 


PARAMETER 


Supply voltage 


High-level input voltage 


Low-level input voltage 


Input clamp current 


High-level output current 


| ton | [| 04 | 
Plo | Low-level output current | 8 
Operating free-air temperature range 


High-level output voltage 


Low-level output voltage 


Input clamp voltage Voc = MIN, Wal 


Input current at maximum 


input voltage Voc = MAX, V, = 7.0V 


High-level input current 


Low-level input current 


Output current Voc = MAX, Vo = 2.25V 


Supply current (total) Vog = MAX 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vog = 5V, T, = 25°C. 

3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current,|.,. 
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Preliminary Specification 


Counter 74ALS191 


AC ELECTRICAL CHARACTERISTICS 


Ty = O°C to ae 
Vog = SV £10% 
SYMBOL PARAMETER. TEST CONDITION C= = 50pF 
RL = §00Q 


[to | wim cecciognny [wast | 0 |_| ma | 
t Propagation delay 18 
Propagation delay 8 
CP to TC Waveform 1 8 
P - 
5 a 
Propagation delay 18 
a creat EE SES 
Fropa tion dela’ 37 
rs 
e ArcPas os dela: 
pe a 
ae — delay 
toHL 1 t0 Any Output Waveform 3 
gation delay 
Bree Any Output Waveform 5 . : : 


AC SETUP REQUIREMENTS 


=e = 0°C to +70°C 
Vog = SV 410% 
SYMBOL, PARAMETER TEST CONDITION C, = SOpF UNIT 
R= "a 


t.(H Setup_time, High or Low 
cae ae ice 


Waveform 6 


Waveform 6 


Waveform 6 


Ree Setup rag High or Low 


ane time, High or Low 
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Preliminary Specification 


Counter 74ALS191 


AC WAVEFORMS 


Vu 
* pu 
Waveform 1. Propagation Delay, Clock Input To Waveform 2. Propagation oe em Clock 


Output, Clock Pulse Width, and Maximum Clock Enable or Up/Down to Ripple: Output 
Frequency 


Dn Vu Vu Wo, 0d, Vea Vu 


RC, Te oe th i 
c, 
Q, Va Vu RC, tc Vea Vu 


Wavetorm 3. Propagation Delay, Non-Inverting Path Waveform 4. Propagation Delay, inverting Path 


Waveform 5. Parallel Load Pulee Width,Paralle! Load to Waveform 6. Data Setup And Hold Times 
Output Delay and Parallel Load to Clock Recovery Time 


NOTE: For all waveforms, V,, = 1.3V. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit For Totem-Pole Outputs Input Pulse Definition 


DEFINITIONS 
R, = Load resistor; see AC GHARACTERISTICS for value. ee oe 


FAMILY 
cs connie agin cn | Tas [ee] iy [a [on 
see AC CHARACTERISTICS for value. 2.0ne 
n= Tecnica, (S| O5Y_[ wre [sala [2 


pulse generators. 
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FEATURES 


« Synchronous, reversible counting 


* Asynchronous parallel load capa: - 
- bility 


* Cascadabie without external logic 
« Asynchronous reset (clear) 
DESCRIPTION 


The 74ALS193 is a presetiable 4-bit Binary 
up/down Counter. Seperate up/down clocks, 
CP andCP,, respectively, simplify operation. 
The outputs Brange state synchronously with 
the Low-to-High transition of either Clock input. 
ithe CP, , clock is pulsed while CP ,. is held 
High, the Yevice wit! count up...it CP 
while cPy is held High, the device will count 
down. The device can be cleared at any time 
by the asynchronous reset pin — it may also be 
loaded in parallel by activating the asynchro- 
nous parallel load pin. Inside the device are 
four master/slave JK flip-flops with the neces- 
sary steering logic to provide asynchronous 
reset, preset load, and synchronous count up 
and courit down functions. One clock must be 
held High while counting with the other to avoid 
either counting by two's or not at all, dapending 
on the state of the first JK flip-flop which cannot 
toggle as long as either clock input is Low.: Ap- 
plications requiring reversible operation must 
make the reversing decision while the activat- 
ing clock is High to avoid erroneous counts. 
The Terminal Count outputs (TC, and FS.) 
are normally High. When the ‘circuit hes 
reached the maximum count of 15,. the next 
High-to-Low transistion of CP, will cause TO, 


PIN CONFIGURATION : 
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2 pulsed: 


74ALS193 
Counter 


Synchronous Presettable 4-Bit Binary Counter With Seperate Up 


and Down Clocks 
Preliminary Specification 


ORDERING INFORMATION 
PACKAGES 


COMMERCIAL RANGE 
3 Va, = 5V510%; T, 2 O°C to +70°C 
16-Pin Plastic Dip ; N74ALS193N 
16-Pin Plastic SO N74ALS193D 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


DESCRIPTION 


T4ALS(U.L.) | LOAD VALUE 
HIGH/LOW HIGH/LOW 


[8,8 [oainipas [trap | 
Pe, [ean dk as nn oe) [10m | Puno. 


CPp ' 
ous paraiie 


Te, Terminal count down output (active Low) | 2080 | (O.4maremA | 
NOTE: 


Count down dock (sve ring oe) | 1.07.0 | qAD.IMA 


One (1.0) ALS Unit Load is defined as: 20yA in the High state and 0.1mA in the Low state. 


to go Low. TS, will stay Low until CP, goes 
High again. Likewise, the TC,, output wil go 
Low when the circuitis in the zero state and the 
CP,, goes Low. The TC outputs can be used 
as a clock signal to the next higher order circuit 
in a multistage counter, -but will be delayed by 
two-gate delays from the original CP signal. 
When the asynchronous Parallel Load (PL) or 


LOGIC SYMBOL 
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Master Reset (MR) is active it will override the 
clock inputs, unless the clock is already Low. 
In that case, the next Low-to-High. transition of 
that clock will be interpreted as a legitimate 
signal and will be counted. 


LOGIC SYMBOL (IEEENEC 


Preliminary Specification 


Counter . 74ALS193 


ai iy a iy) 
aabeo vale 


H = High voltage level 
h = High sakags inval ehiteseci aad pull tis Loleas LageiGes dala 
Ls = Low voltage level 
t = Low voltage level one set-up time prior to the Low-to-High clock transition 


11S. ~CP, at terminal ccatipodnne, 
2764 opt at terminat count down (LLL), 
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Preliminary Specification 


Counter T4ALS193 | 


FUNCTIONAL WAVEFORMS (Typical reset, load, and count sequences) 
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Preliminary Specification 


Counter 74AL8193 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful lite of the device. 
Unigss otherwise noted these limits are over the operating free-air temperature range.) 


apt cre 


Vag apd aun ih opm 
fe teore) Current applied to output in Low output state : 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


TEST CONDITIONS' 


Se 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V-- = SV, T, = 25°C. 

3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current,|,.. 
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Preliminary Specification 


Counter 74ALS193 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER TEST CONDITION 


Propagation delay 


Propagation delay 
CP,, to TC, or CP, to TC, 


Propagation delay 
Propagation delay 
PL to TC,, or TT, 
Propagation dels 
0, ©, 
Propagation delay 
D,, %, or FC, 


CPy of CPL, Pulse width, 
High or Low 

cPy or CPy Pulse width Low 
(change of direction) 


PL Pulse width, 
Ce ae 
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on Preliminary Specification 


Counter | 74ALS193 


AC WAVEFORMS 


Py Py 


Tey.%p 


Wavetorm 1. Propagation Delay, Clock input T: 
Ou Glock Poles Width’ aad 
Clock Frequency 


Ty Tey. Q, Vu Va 


Wavetorm 3. Propagation Delay, Data te Output 


Wavetonn 6. Data Setup And Hold Times 


NOTE: For all waveforms, V,, = 1.3V. 
The shaded areas indicate when the input is permitted to. change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


tw 
Vu =1.3V 
Test Circult For Totem-Pole Outputs Input Pulse Definition 


Cerne INPUT PULSE REQUIREMENTS 
R_ = Load resistor, see AC CHARACTERISTICS for value. 
C, 


ramuy |__NPUTPULSEREQUREMENTS | 

tec igwemoe sect |" nem [we iy [i 
see AC CHARACTERISTICS for value. MALS = 

ns Romemmemonaivonctanet S| e7_[ te [slam fam | 


pulse generators. 
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FEATURES 
« Octal bus interface 


¢ 3-State buffer outputs sink 24mA 


and source 15mA 
¢ The -1 version sinks 48mA lo. 
within the +5% Voc range 


DESCRIPTION 


The 74ALS240A is an octal buffer that is 
ideal for driving bus lines or buffer mem- 
ory address registers. The outputs are all 
capable of sinking 24mA and sourcing up 
to 15mA, producing very good capacitive 
drive characteristics. The device features 
two Output Enables, OE, and OE,, each 
controlling four of the 3-state outputs. The 
T4ALS240A-1 sinks 48mA if the Veco is 
limited to. 5.0V + 0.25V. 


PIN CONFIGURATION 


September 19, 1988 


74ALS240A, 74ALS240A-1 
Buffer 


_ Octat Inverter Buffer (3-State) 


Product Specification 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
a 


ORDERING INFORMATION 
COMMERCIAL RANGE 


PACKAGES Vog = SVi10%; T, = 0°C to 470°C 
20-Pin Plastic DIP 74ALS240AN, 74ALS240A-1N 
20-Pin Plastic SOL 74ALS240AD, 74ALS240A-10 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

| Output enabe inputs (active Lowy | 1.0/1.0 | 20nA/.ImA | 
Se 750124 | TemAraam | 

[Date cups (4 version) | 7aoe0 | iene | 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC 


246 8 1715 1311 


Veo! at! artes tea! ost ea tos 


Yao Yas Yar Yes¥ue¥us¥o2¥es 


21614123 6 7 8 


Veg = Pin 20 
GND « Pin 10 
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Product Specification 


Buffer . 7AALS240A, 74ALS240A=1 | 


LOGIC DIAGRAM : FUNCTION TABLE 


OUTPUTS 


[weurs | 
CAR CARS ae 


L L L L H H 
L H L L L 
H xX H Zz Z 


H_ = High voltage level — 

L = Low voltage leve! 

X = Don'tcare 

Z = High impedance “off state 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


syusou| SC PARAMETER =| RATING 
Mg | pegs ar 
a 
| tour | Current applied to output in Low output state All versions [a 
Tour_| Soren appledio onpstin ow owpaawie | -tverenony [a8 


Serr 


RECOMMENDED OPERATING CONDITIONS 


E: 
1. The 48mA limit applies only under the condition of V_-. = 5.0V + 5%. 
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Product Specification 


Buffer’ 7T4ALS240A, 74ALS240A-1 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


% 


-0.73 


Vo04 


Le 
a 


Voc = MAX, V, = 7.0V 


Voc = MAX, V, = 2.7V 


Low-level input current Voc = MAX, Vi= 0.4V 


Off-state output current 
High-level ge applied Veg = MAX, Vo=2.7V 


Off-state output current = = 0. 
Low-level @ applied Nog =O Vogt 4¥ 
hile. & Short-circuit output current® Vog = MAXVo= 2.25V 


ieee 

Supply current (total) 
| ocz_| 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical vaiues are at V~. = SV, T, = 25°C. 
9. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, |<. 
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Product Specification 


Buffer me 74ALS240A, 74ALS240A-1 


AC ELECTRICAL CHARACTERISTICS 


“T 


Test Circult For 9-Btate Outputs 
SWITCH POSITION 


uz eee 
closed 
ice pean input Pulse Definition 


DEFINITIONS 
R, = Load resistor; see AC CHARACTERISTICS for value. hale ake beciniaslis 


yee | aor eee alas 
see AC CHARACTERISTICS for value. 7aALS 35V 
n+ Tonner arama [S| 35H |e | sb] 


pulse generators. 
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FEATURES 

+ Octal bus Interface 

* 3-State buffer outputs sink 24mA 
and source 15mA 

* The -1 version sinks 48mA I 
within the +5% Voc range 


DESCRIPTION 


The 74ALS241A is an octal buffer that is 
ideal for driving bus lines or buffer memory 
address registers. The outputs are all ca- 
pable of sinking 24mA and sourcing up to 
15mA, producing very good capacitive 
drive characteristics. The device features 
two Output Enables, OE, and OE,, each 
controlling four of the 3-state outputs. The 
74ALS241A-1sinks 48mA if theVog is lim- 
ited to 5.0V + 0.25V. 


PIN CONFIGURATION 


October 8, 1987 


74ALS241A, 74ALS241A-1 
Buffer 


~ Octat Buffer (3-State) 


Product Specification 


‘TYPICAL SUPPLY CURRENT 
2 (TOTAL) 


TYPICAL PROPAGATION 
DELAY 


74ALS241A 


ORDERING INFORMATION 


COMMERCIAL RANGE 
eee. _ Vog = 5¥210%; T, 2 0°C to +70°C 
20-Pin Plastic DIP TAALS241AN, 74ALS241A-1N 
TARLSRAIAD, HALSBETAAD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


. V/ 
|__| pescnenon | “omow | “owow 
Y 
Y 


PINS 

| tenon | Data inputs |. | 2OMAD.IA 
OF, O8 | Ovet onto mpas aie tw) | _¥078 | BRAD A | 
Dai cut [sna anata | 
7a | tannin 
TE: 


NOTE: i 
One (1.0) ALS Unit Load is defined as: 20p,A in the High state and 0.1m<A inthe Low state. 


LOGIC SYMBOL 


246 8 1715 1318 


— Veet at baat os! nol oa! nating 


Yeo Yet Yas YaaYue¥e1¥ea¥ea 


1614123 57 8 


5-111 


Signetics ALS Products Product Specification 


Buffer 7 7A4ALS241A, 74ALS241A-1 


LOGIC DIAGRAM : 4 FUNCTION TABLE 


= High impedance “off state 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


. Storage temperature 


High-level input voltage 
Low-level’ input voltage 
input clamp current : a 


Voc 
Ves 
Ve 
| tx | inputs 
ee 


[to | tower ipa rent 
ty | Cote ott aon 
Operating free-air temperature range 


NOTES: 5 
1. The 48mA limit applies only under the condition of Vo-. = 5.0V 5%. 
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Product Specification 


Buffer. . 74ALS241A, 74ALS241A-1 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) “ie 


| <|<| 


rt 
IH 
[ven [Wop i= tn 
| ora Yor P| 
Input current at maximum Vv... = MAX, V, = 7.0V 
a cee 
Cl Gee remand [aa 
ie Low-level input current Veg = MAX, V, = 0.4V ee ch 
Off-state current High level 
Se aa 


OE 


Short-circuit output current® 


a eek 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for. the applicable type. . 
2. All typical values are at Vor = SV, T, = 25°C. 
3. ‘The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, Igg: 


DBBEE 
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Product Specification 


Buffer 74ALS241A, 74ALS241A-1 


AC ELECTRICAL CHARACTERISTICS 


Vo, 10.3 
me Ot 


ow 
Wavetorm 2. 3-State Output Enable Time To High Level Wavetorm 3. 3-State Output Enable Time To Low 
Level Level And 


And Output Disable Time From High Output Disable Time From Low Level 
NOTE: For all wavelorms, Vy, = 1.8V. 


aT 


Test Cireult For 3-State Outputs 
SWITCH POSITION 


taiz closed 
tba closed 
All other open 


OEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for value. 

C, = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

R, = Termination resistance should be equal to Z,, -, of 
puise generators. 
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FEATURES 

« Octal bus interface 

« 3-State buffer outputs sink 24mA 
and source 15mA 

* The -1 version sinks 48mA lor 
within the +5% V_.,, range 


DESCRIPTION 


The 74ALS244A is an octa! buffer that is 
ideal for driving bus lines or buffer mem- 
ory address registers. The outputs are all 
capable of sinking 24mA and sourcing up 
to 15mA, producing very good capacitive 
drive characteristics. The device features 
two Output Enables, OE, and OE,, each 
controlling four of the 3-state outputs. The 
74ALS244A-1 sinks 48mA if theV., is 
limited to 5.0V + 0.25V. 


PIN CONFIGURATION 


October 8, 1967 


_[74ALS244A 


74ALS244A, 74ALS244A- | 
Buffer 


Octal Buffer (3-State) 


Product Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL) 
: 17mA 


' TYPICAL PROPAGATION 
DELAY 


17mA 
ORDERING INFORMATION 
COMMERCIAL RANGE 
PACKAGES Vog = 5V110%5 T, = 0°C to 470°C 
20-Pin Plastic DIP T4ALS244AN, 74ALS244A-1N 
20-Pin Plastic SOL T4ALS244AD, 74ALS244A-1D 


74F(U.L) | LOADVALUE 
HIGH/LOW HIGH/LOW 
ani 
Yaw ¥ 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL. LOGIC SYMBOL (IEEE/IEC 


2 4 6 8 1718 1311 


Vol as! a2! as! bol or! ualina 


Yao Yar Yar YesVuoYos Ya" es 


181614123 5 7 9 


Vog = Pin 20 
GND = Pin 10 
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Product Specification 


Buffer | 74ALS244A, 7AALS244A-1 


LOGIC DIAGRAM FUNCTION TABLE 


OUTPUTS 


H_ =» High voitage level 

L = Low voltage level 

X = Don'tcare 

Z = High impedance ‘off state 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
; Unless otherwise noted these limits are over the operating free-air temperature range.) 
SYMBOL 


PARAMETER ee 
eo 


iat) MON ee wee 
Voltage applied to output in High output state é 


! our Current applied to output in Low output state Ail versions a ee 
lour_[ Curent appiedie auputintow oupatsate | Aversonony [8S 


Operating free-air temperature range 


Low-level input voltage 


[ic rotten ie 
Tos : 


High-level output current 


Low-level output current All versions 
log Low-level output current -1 version only 
th 


Operating free-air temperature range 


NOTES: 
1. The 48mA limit applies only under the condition of Von =5.0V 45%. 
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Product Specification 


Buffer T4ALS244A, 74ALS244A-| 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


ae | <| 


Input current at maximum 
input voltage 


Olf-state output current 


. = Vv, = 0.4V 
jeigeedaalior PMeommcviroey | 


NOTES; 

i For conditions shown as MIN or MAX, use the appropriase value specified under recommended operating conditions for the applicable type. 
2. All typical values ave at Von = SV, T, = 25°C. 

3. ‘The output conditions have been chosen to produce current that closely approximates one hail of the true short-circuit output current, log: 
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Product Specification 


Buffer 74ALS244A, 74ALS244A-] 


AC ELECTRICAL CHARACTERISTICS 


. _ LIMITS 
SYMBOL PARAMETER TEST CONDITION : 


tp Propagation delay 10.0 

I, Yn Waveform 1 10.0 
taay Output Enable time - Waveform 2 : 

fez. to High or Low level » .Waveform 3 
touz Output Disable time ; Waveform 2 
teiz to High or Low leve! Waveform 3 


o Ve 
{paz 
Vox 03V 
Ya Ves as ‘a 
ov 


Vu 
Lc] 
Wavetorm 2. 3-State Output Enable Time To High Level Wavetorm 3. 3-State Output Enablo Time To Low 
And Output Diseble Time From High Levat Level And Output Disable Time From Low Level 


NOTE: For all waveforms, V,, = 1.8¥. 


TEST CIRCUIT AND WAVEFORMS 


c . at 
Test Cireult For 3-State Outputs 
SWITCH POSITION 


torz closed 
el 
in ond Input Pulse Definition 
other open 


DEFINITIONS 

Arimmmerccimormsnsts (ane 

cs inceaertantgeniamcencaen | aca [nay [| 
see AC CHARACTERISTICS for value. JaALS 35V 

R= Termination resistance shoud be aquateZoyrot «| MALS | 98V | aMte | soon] zon zon 


pulse generators. 
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FEATURES 


¢ Octal bidirectionai bus interface 

+ 3-state buffer outputs sink 24mA 

and source 15mA. 

Outputs are placed in high imped- 

ance state during power-off 

conditions 

+ The -1 version sinks 48mA I, 
within the +5% V_,,. range 


DESCRIPTION 


The 74ALS245A is an octal transceiver 
featuring non-inverting 3-state bus com- 
patible outputs in both transmit and re- 
ceive directions. The device features an 
Output Enable (OE) input for easy cas- 
cading and Transmit/Receive(T/R) input 
for direction control. The 74ALS245A-1 is 
the same as the 74ALS245A except that 
the B port sinks 48 mA within thet5% V., 
range. ; 


PIN CONFIGURATION 


d Yoo 
OE 
Be 
8, 
Be 
B; 
a 
es. 
By 
8; 


October 8, 87 


TAALS245A, 74ALS245A-1 - 


Transceivers | 
Octal Transceivers ( 3-State ) ; 7, os 
Product Specification - hoe 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY : (TOTAL) 


7.008 


COMMERCIAL RANGE : 
Voc = 5Vi10%; T, =0°C to 70°C —— 


4ALB(U. 
DESCRIPTION Leow rs porn 


Ay Ap By: B, | Data inputs 


Transmil/Receive input 


750/240 .. 


NOTE: ; 
(1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


H 


LOGIC SYMBOL 


2345 6€788 


By 8, 6, B, &, BL, B, 


18 17 16 15 14 12 12 11 


Voc = Pin 20 
GND « Pin 10 


§-T13- 


Product Specification 


Transceivers 7T4ALS245A, 74ALS245A-1 
FUNCTION TABLE 

H=High voltage level © 

L=Low voltage level 

X=Don't care 


‘ZeHigh impedance “off * state 


Bus B data to Bus A 


Bus A data to Bus B 


j () 
Current applied to output in Low output state 
-1 version only 


parang oar ierperaue rags re 
Tst¢ Storage temperature -65 to +150 °C 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL | : “PARAMETER 


'” Law-level output current - - 
pe feet ES 
T° + + | ‘Operating tree-air temperature range 0. 


NOTE: 1. The 48.mA limit applies only under the condition of Vog = 5.0V25%. : 
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Product Specification 


Transceivers JTAALS245A, 74ALS245A-1 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


TEST CONDITIONS 


All oe Vog = MIN Vy, = MAX 
Vor Low-level output voltage | “°"S Vij = MIN 
Input clamp voltage 


Input current at maximum Van = MAX, V, = 7.0V 
input voltage - OE or TR Nae : 

Input current at maximum 

input voltage - A or B ports 


High-level input current? 


Veo = MAX, V, = 0.4V 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Voc = BV, T, » 25°C. 

3. For VO ports, the parameters |,,, and’ Fi include the off-state current. 

4. The output conditions have been chosen to produce current that closely approximates one haif of the true short-circuit output current, Ing. 
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Product Specification 


Transceivers . 74ALS245A, 74ALS245A-1 


AC ELECTRICAL CHARACTERISTICS 


Ty = O°C to +70°C 


PARAMETER 


AC WAVEFORMS 


90% 
NEGATIVE 
PULSE 


‘Test Clrouit For 3-State Outputs 
SWITCH POSITION 


Vig = 1.3V 
Input Pulse Definition 


DEFINITIONS 
Ri REMENTS 
R, = Load resistor; see AC CHARACTERISTICS for value. eee) PULSE RERUN ENEN 


GC, = Load capacitance includes jig and probe capacitance; Amplitude | Rop.Rate | tw | tun | tne | 
see AC CHARACTERISTICS for value. ney se 
Fy = Termin reisiane should be egal o Zour of 00 Wel cial ned ao 


pulse generators. 


October 8, 1987 6-122. 


74AL825 1 
Multiplexer 


74ALS251 8-input Multiplexer (3-State) 
Preliminary Specification 
FEATURES 
+ 8-to-1 multiplexing 
+ On chip decoding 
« Multifunction capablity — 
+ Inverting and Non-Inverting outputs 
- Both outputs are 3-state for further 
multiplexer expansion 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 


ee | ashe 
ORDERING INFORMATION 

COMMERCIAL RANGE 
veg YH T= 70C 
[Terrase Banas 
and complementary (Y) outputs are both iiisibdaccniies TS SCNTAALS251D 
provided. The output Enable (OE) is ac- 


tive Low. When OE is High, both outputs INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


are in high impedance state, allowing 4ALS(U.L' 
cscnrron | Hat 
lo? 
CG 


DESCRIPTION 


The 74ALS251 is a logic:implementation 
of a single 8-position switch with the 
switch position controlled by the state of 
three Select (S,,S,,S,) inputs. True(Y) 


multipte output connections to a common 
soda vatibk patie aoe Ba (A i one 
a 


significantly. When the outputs of more 
Output enable input (active Low) 20pA/0. mA 
PV.¥[Dataouputs ——SSSS«|Ct80240 | B.BmAZAMA 


One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.6mA in the Low state. 


than one device are tied together, the user 
must ensure that there is no overlap in the 
activé Low portion of the output enable 
voltages in order to avoid high currents 
that could exceed the maximum current 
rating. 


PIN CONFIGURATION _- LOGIC SYMBOL LOGIC SYMBOL(IEEEAEC 


4°32 1 18 14:13 12 


fo ly ta Ig Sq Ig Ig Iy 


August 1988 
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Preliminary Specification 


Multiplexer 74ALS25 | 


LOGIC DIAGRAM 


FUNCTION TABLE 


lg 
uv 
EE | 


H 2 
L bo 
L \ 
L v1 
L ‘ 
L \, 
L 's 
L ' 
Ll L 

H_ = High vohage level 

L = Low voltage level 

X = Oon'tcare 

Z_ = High impedance ‘olf state 
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Preliminary Specification 


Multiplexer 74ALS8251 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER 


Supply voltage 
Input voltage 


Voltage applied to output in High output state 
Current applied to output in Low output state 


0 to +70 
65 to +150 


Operating free-air temperature range 


Storage temperature - 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL PARAMETER 


oo 
High-level input voltage 


Va Low-level input voltage 
Vu Input clamp current 


| ton | High-level output current 
| to | Low-level output current 


Operating free-air temperature range 


< 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


PARAMETER 


High-level output voltage 


Low-level output voltage 


Input clamp voltage 


Input clamp current.at maximum 
input voltage 


tie High-level input current : 
Low-level input current Vag = MAX, V, = 0.4V 
ee al Output current’ Vg = MAX, Vo = 2.25V 
a ee 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V0 = 5V, Ty = 25°C. 

3. The output conditions have been chosen to produce a current that dosely approximates one haif of the true short-ciruit output current. 
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Preliminary Specification 


Multiplexer 74ALS825 1 


AC ELECTRICAL CHARACTERISTICS 


ty = 0°C to +70°C 
. Vo = SV 210% 
SYMBOL| PARAMETER TEST CONDITION G = S0pF 


R, = 500Q 


Propagation dela’ 
n 
Propagation delay 
ts I, toY Waveform 1 


Propagation delay 
S, toY Waveform 1,2 


fe jee [www ft fe fo 

t Propagation dela 8 

oa bce venoms [$3] 8 | w_ 
a] 

Output Enable time Waveform 3 

OE to Y Waveform 4 


Output Disable time Waveform 3 


GE to Y Wavef 
laveform 4 
Output Enable time Waveform 3 


to¥ Waveform 4 


Output Disable time Waveform 3 
toY Waveform 4 


meV op +0-3V 


Waveform 4. 3-State Output Enable Time To Low . 
Waveform 3. 3-State Output Enable Time To High Level ly 
And Output Disable Time From High Level! Level And Output Disable Time From Low Level 
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Preliminary Specification 


Multiglexer i ac ae 7AALS251- 


TEST CIRCUIT AND WAVEFORMS As ee pf get 


“T 


Test Cireult For 3-State Outputs w 2 
SWITCH POSITION 


; closed eka 


‘pz es a Snag ES ~ Vyg= 1.3 
input Puise Definition 
DEFINITIONS 
Load resistor; see AC CHARACTERISTICS for value. 
C, = Load capacitance includes jig and probe capacitance; : 
see AC.CHARACTERISTICS for value. . 
R, = Termination resistance should be equal to Z/ ,, of 
pulse generators. : 


2 oa 
3 : 
eid 
& * id 
Se : 
5 = 
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FEATURES 
+ 3-state outputs for bus Interface 


and multiplex expansion 
+ Common select inputs | 


* Separate Output Enable inputs |» 


a 


DESCRIPTION .. 


The 74ALS253 has two identical 4-input._. 


multiplexers with 3-state outputs which 
select two bits from four sources by,wsing 
common select inputs {S,.S . When the + 
individual Output Enable (OE,,OE,) in- 
puts of the 4-input multiplexers are High, 
the outputs are forced:to a high imped- 
ance (Z) state. . 


The 74ALS252 is the logic implemente-.. 
tion of a 2-pole,4-pasition switch being 
determined by the logic levels supplied to 
the common select inputs. . 


To avoid exceeding the maximum current 
ratings when the outputs .af the 3-state 
devices -are’ tied together, ‘all but one 
device must be in the high-impedance 
~. State. Therefore, only one Qutput Enable 
. Mustbe active at'atime. — 


_ PIN CONFIGURATION 


August 1988 


ORDERING INFORMATION 


» INPUT AND OUTPUT.LQADING AND FAN-OUT TABLE 


" LOGIC SYMBOL 


74A1S253 


Multiplexer - 


Dual 4-Input Multiplexer (3-State) 


Preliminary. Specification 


7 


TYPICAL PROPAGATION 
DELAY 


TYPICAL.SUPPLY. CURRENT 
; (TOTAL) 


fae ee 
COMMERCIAL RANGE : 
veg" HT = OC oO 

16-Pin Plastic DIP N74ALS253N 

16-Pin Plastic SO N74AL8253D 


LOADVALUE 
HIGH/LOW 


T4ALS(U.L) 


DESCRIPTION | HIGH/LOW 


20pA/0.1mA 
2.6mA/24mA 


130/240 


NOTE: . 
One (1.0) ALS Unit Load is defined as: 20yA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL (IEEE/IEC) 


© 6 4 3 16 311 12:13 


Von Na Sag tae Job tie fap lay 
8 


Vog = Pin 16 
GND = Pin 8 
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Preliminary Specification 


Multiplexer : 2 74M S253 


LOGIC DIAGRAM 


ez | 


Solon ap lop bgp OE, 
12 f13 [45 


ker a 


Vog = Pin 16 
GND = Pins 


x 
L 
. 
H 
H 
L 
L 
H 
H 


xx xx De xX 
xx re KM Rx 
-lzurxux«e«exx * x 
reerrerrere 
terre re ren 


H «= High voltage level 

L = Low voltage level 

X = Don'tcare 

Z = High impedance “off state 
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Preliminary Specification 


Multipfexer : 7AALS253 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may. impair the useful life of the device. 
; ‘ : Unless otherwise noted these limits are over the operating free-air temperature range.) _ 


Supply voltage 


Input voltage 


Input current : 

Voltage applied to output in High output state 
Current applied to output in Low output state 
Operating free-air temperature range 
Storage temperatura . 


RECOMMENDED OPERATING CONDITIONS: 


SYMBOL hae “=. PARAMETER 


Supply voltage.“ 
High-level input voltage ¢ | _ 
Low-level input voltage: 
1 
- Input clamp current ‘ 


ting free-air temperature range - 


DC ELECTRICAL CHARACTERISTICS" (Over recommended operating free-air temperature range unless otherwise noted.) 


PARAMETER: 


High-level output voltage 


Input clamp current at maximum 
input voltage 


High-level input current 


i eet pi cane a 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V. = SV, Ty = 25°C. - aa : 
_ 3. The output canditions have been chosen to prodice a current that Closely approximates one half of the true short-cirult output current,|.,. 
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Preliminary Specification 


Multiplexer - 7AALS253 


“Ty = °C to 470°C 
; Vor. = SV £10% 
TEST CONDITION| °€  sopr 


R, = 500Q 


Propagation delay 


5, 10: 
. abie time Waveform 2 
High or Low level Waveform 3 
Waveform 2 
Waveform 3 


Waveform 2. 3-Gtate Output Enable Time To High Level Wavelorm 3. 3-State Output Enabie Time To Low 
‘Ard Outpth Dicaltne Tne From High ator Level And Output Disabdie Time From Low Level 


NOTE: For all waveforms, V,, = 1.3V. 


TEST CIRCUIT AND WAVEFORMS 


pea 
Test Cireuit For 3-State Outputs - 
SWITCH POSITION 


Vu = 1.3V 
Input Pulse Definition 


DEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for value. 

C, = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

R, = Termination resistance should be equal to Z,, , of 
pulse generators. 


INPUT PULSE REQUIREMENTS . 
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DESCRIPTION 


The 74ALS257 is a Quad 2-input multi- 
plexer which selects 4 bits of data from 
one of two sources under the control of a 
common Select input (S). The Output 
Enable input (OE) is active when Low. 
When OE is High, all of the outputs (Y,) 
are forced to a high impedance state (3- 
state) regardiess of all other input condi- 
tions. 


Moving data from two registers to a com- 
mon output bus is a typical use of the 
74ALS257. The state of the Select input 
determines. the particular register from 
which the data comes. 


The device is the logic implementation of 
a 4-pole, 2-position switch where the 
position of the switch is determined by the 
logic levels supplied to the Select input. 
The 74ALS258 is similar but has inverting 
outputs (Y,). 


PIN CONFIGURATION: 
74ALS257 


September 21, 1988 


74ALS257, 74ALS258 


/Data Selectors/Multiplexers 


74ALS257 Quad 2-Input Data Selector/Multiplexer, 
Non-Inverting (3-state) 

74AL$258 Quad 2-Input Data Selector/Multiplexer, 
inverting (3-state) 

Product Specification 


DELAY (TOTAL) 
7.0ns  7mA 
ORDERING INFORMATION 

COMMERCIAL RANGE 


| racuaes | age stn sro 70 


20-pin Plastic DIP ; 74ALS257N, 74ALS258N 
20-pin Plastic SO 74ALS257D, 74ALS258D 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE. 


74F(U.L) | LOADVALUE 

| pws | DESCRIPTION HIGH/LOW | HIGH/LOW 
Trav Ino: Ines Ing | Data inputs 1.0/1.0 20pA0.1mA 
ee 
8E |p nab np [10710] 20nA00tmA 


. NOTE: : 
One (1.0) ALS Unit Load is defined as: 20nA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL (IEEE/IEC 


74ALS257 


2 3 5 6 11 10 14 13 


ba ha be he bc he bo ho 


Veg = Pin 16 
GND = Pin8 
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Product Specification 


Data Selectors/Multiplexers 74ALS257, 74ALS258 


PIN CONFIGURATION LOGIC SYMBOL 
74ALS258 


2 3° 5 6 11:10 14 «138 


a Sia oa 4B bc he bo 4p 


LOGIC DIAGRAM, 74ALS257 LOGIC DIAGRAM, 74ALS258 


Voc = Pin 16 
GND = Pin 


H = High voltage level 
L = Low voltage level 
X = Don't care 
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Product Specification 


Data Selectors/Multiplexers 74ALS257, 74ALS258 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER | Rama 


-0.5 to +7.0 
Input voltage -0.5 to +7.0 


Input current 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL 
Veo Supply voltage 


High vl np ge a] 
i | owtopatvaags 
hosel 

Ts 


PARAMETER 


Low. 
Pe | eoitclanp ane 
Tog | owioe supercar 
| Opera Rera eipere ange 


lou 
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Product Specification 


Data Selectors/Multtiplexers 74ALS257, 74ALS258 


DC ELECTRICAL CHARACTERISTICS (Over recommended aperiing free-air temperature range unless otherwise noted.) 


SYMBOL. PARAMETER 
High-level output voltage 


eae 
| 24 | 32 | 

Voc’ | [028 | 
ee {tis 
ic 


Input clamp voltage Voc = MIN, A = In 


Vog = MAX, V, = 2.7V ela 
Vog = MAX, V, = 0.4V = 


Off-state output current, 
High-level voltage applied 


BEEEEEBREESBEEEE 


NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values. ae at Vor = SV, Ty = 25°C. : 


3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current,|,.. 


AC ELECTRICAL CHARACTERISTICS for 74ALS257 


Propagation delay 


lon, OF 1), 10 Y,, 


Propagation delay 
t SwyY 


tet 
PHL 
ZH 
pz 
tprz- 
‘riz 
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Product Specification 


Data sciectore/MUnpiexats 


74ALS257, 74ALS258 


SYMBOL PARAMETER 


t Propagation i 
lon orl in? 
prope tion aang 
(pH 


PLH 
tpt 
re CEnY, Enable ime 
tz. 
Outp iB 


AC WAVEFORMS 


Wavetorm 3. Propagation Delay For 
Outprt Enable Te Output 


TEST CIRCUIT AND WAVEFORMS 


Test Cireult For 3-State Cuipite. 
SWITCH POSITION 


terz closed 
ton clased 
All other open 


Se 
i Load resistor; see AC CHARACTERISTICS for value. 
¢ = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 
Ry = Termination resistance should be equal to Zour of 
pulse generators. 
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AC ELECTRICAL CHARACTERISTICS for T4ALS258 


Waveform 2. Propagation Delay For 


Data And Select To Output 


Waveform 4. Propagation Deisy Fer 
Output Enable Te Output 


els PULSE REQUIREMENTS 


poe el [el 


FEATURES 


* 


Eight edge-triggered D-type flip- 

flops 

+ Buffered common clock 

Buffered asynchronous Master . 

. Reset 

+ See ‘ALS377 for clock enable 
version 

* See 'ALS373 for transparent latch 
version 

» See 'ALS374 for 3-state version 


DESCRIPTION 


The 74ALS273 has eight edge-triggered 
D-type flip-tlops with individual D inputs 
and Q outputs. The common buffered 
Clock (CP) and Master Reset (MR) inputs 
load and reset (clear) all flip-flops simutta- 
neously, 


The ragister is fully edge-triggered. The 
state of each D input, one setup time be- 
fore the Low-to-High clock transition, is 
transferred to the corresponding flip- 
flop's Q output. 


Ail outputs will be forced Low independ- 


ently of Clock or Data inputs by a Low volt- 
age level on the MA input. The device is 


PIN CONFIGURATION 


July 1988 


74ALS273 
Flip-Flop 


Octal D Flip-Flop 
Preliminary Specification 


TYPE TYPICAL fMAX TYPICAL SUPPLY CURRENT 
(TOTAL) 
ras si 


ORDERING INFORMATION 


COMMERCIAL RANGE 
PACKAGES Vo = SV£10%; T, = O°C to 470°C 


20-Pin Plastic DIP N74ALS273N 


1.0/1.0 


NOTE 


One (1.0) ALS Unit Load is defined as: 20yA in the High atate and 0.1mA in the Low state. 


useful for applications where the true 
output only is required and the CP and 
MR are common to all flip-flops. 


LOGIC SYMBOL LOGIC SYMBOL(IEEENEC 


34 7 8 131417 08 


®, 0, 0, 0,0, 0,0, 0, 


2, 2, 2, 0, 2, @, o, ©, 


28 & & 12 15 16 18 


Veg» Pin 20 
GNO = Pn 10 
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Preliminary Specification 


Flip-Flop . 74ALS273 


LOGIC DIAGRAM 


GND = Pin 10 


FUNCTION TABLE 


OPERATING MODE 


olor 


pabopeh 4 
= High voltage level 
« High voltage level one set-up time prior to the Low-to-High clock transition 
x Low voltage level 
= Low voltage level one set-up time prior to the Low-to-High clock transition 
= Don't care 
= Low-to-High clock transition 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER RATING 
0.5 to +7.0 


Input voltage - 0.5 to +7.0 
Input current 

Voltage applied to output in High output state 

Current applied to output in Low output state 


Operating free-air temperature range 
Storage temperature 


-65 to +150 


July 1988 5-138 


Preliminary Specification 


Flip-Flop 74AL8273 


RECOMMENDED OPERATION CONDITIONS 


Low-level output current 
Operating free-air temperature range 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


cc 
Ce = 


Supply current llocu | Vv... = MAX 
(ota Tc, | Yee 
NOTES: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Yoo = 5Y, th = 25°C. 


3. The output conditions have been chosen to produce a current that closely approximates one half of the true short-ciruit output current,|.,. 


id 
a 
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Preliminary Specification 


Flip-Flop | 74018273 


SYMBOL PARAMETER 


Setup time, High or Low 
ei) D. CP 
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Preliminary Specification 


Flip-Flop | 74ALS273 


AC WAVEFORMS 


Qn 
Waveform 1. Propagation Delay, Clock Input To Output, Waveform 2. Master Reset Pulse Width, 


Clock Pulse Width, and Maximum Clock Frequency Master Reset to Output Delay and 
Master Reset to Clock Recovery Time 


Waveform 3. Data Setup And Hold Times 


NOTE: For all waveforms, V,, = 1.3V. 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For Totem-Pole Outputs 
INPUT PULSE REQUIREMENTS 


DEFINITIONS ~ FAMILY 


R= Lod sn A HARACTERSTES it ao [eta [tn [ion | 
C= Load capacitance includes jig and probe capacitance; JaALS 

soo AC CHARACTERISTICS for va. oad Eis al sal 
Rr = Termination resistance should be equal to Zour of 

pulse generators. 
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74AL8373, 74ALS374 
Latch/Flip-Flop 


74ALS373 Octal Transparent Latch (3-State) 
74ALS374 Octal D Flip-Flop (3-State) 
FEATURES Product Specification 
* &-bit transparent latch-'ALS373 


* 8-bit positive edge triggered regis- 
ter-‘ALS374 


bee, TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
* 3-State Output buffers DELAY (TOTAL) 


ie cial co nde al ge [ma SS*d 
« Independent register and 3-state 
eifle operation 


COMMERCIAL RANGE 
The 74ALS973 Is an octal transparent | 
pe ppeohe deepens aac 
ers. The two sections of the device are 
controlled independently by Enable (E) 
and Output Enable (OE) control gates. INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


74F(U.L. 
Latch enable input 
E (‘ALS373) (active High) F 1.0/1.0 20; 1imA 
Output enable input 
oe | ores Reo eee 
CP (‘ALS374) pedioagen | ono | 20/0. 1mA 
| -@, | 


3-State outputs 


LOAD VALUE 
IGH/LOW 


The data on the D inputs is transferred to 
the latch outputs when the Enable (E) 
input is High. The latch remains transpar- 
ent to the data input while E is High and 
stores the data that is present one set-up 
time before the High-to-Low enable transi- 
tion. 


E 


3 


The 3-State output buffers are designed to 
drive heavily loaded 3-State buses, MOS 
; jj NOTE: 
eons Lee Gop Takk OE) cnice One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 
all eight 3-State buffers independent of 
the latch operation. When OE is Low, the 
latched or transparent data appears at the 
outputs. When OE is High, the outputs are 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL(IEEEAEC 


74ALS373 


3 4 7 8 13141718 


a D, 0, 0, 0,0, 0,0, 


2, 2, 2, 2 2, 2, 2, 2, 


2 5 6 9 1215 1619 


Voc = Pin 20 
GND = Pin 10 
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Latch/Flip-Flop 


Product Specification 


74ALS373, 74ALS374 


PIN CONFIGURATION 
T4ALS374 


in high impedance “off” state, which 
means they will neither drive nor load the 
bus. 


The 'ALS374 is an 8-bit, edge triggered 
register coupled to eight 3-State output 
buffers. The two sections of the device 
are controlled independent the clock 
(CP) and Output Enable (OE) control 
gates. 


LOGIC DIAGRAM, 74ALS373 


April 30, 1987 


LOGIC SYMBOL 
T4ALS374 


3°94 7 8 131417 18 


D, 9, 0,0, 0,0,0, 0, 


% @, 2, 2, @, O, 2, 2, 


2 5 6 9 12:15 16 19 


Vog > Pin 20 
GND = Pin 10 


The register is fully edge triggered. The 
state of each D input, one set-up time 
before the Low-to-High clock transition is 
transferred to the corresponding flip- 
flop’s Q output. 


The 3-State output buffers are designed 
to drive heavily loaded 3-State buses, 
MOS memories, or MOS microproces- 


LOGIC SYMBOL(IEEENEC) 
74ALS374 


sors. The active Low Output Enable (OE) 
controls all eight 3-State buffers inde- 
pendent of the latch operation. When OF 
is Low, the latched or transparent data 
appears at the outputs. When OE is High, 
the outputs are in high impedance “off” 
state, which means they will neither drive 
nor load the bus. 


Product Specification 


Latch/Flip-Flop —- 74ALS373, 74ALS374 


LOGIC DIAGRAM, 74ALS374 


UTP 
OPERATING MODE 
Enable and read register 


High voltage level 

High voltage level one set-up time prior to the High-to-Low E transition 
Low voltage level 

Low voltage level one set-up time prior to the High-to-Low E transition 
No change 

Don’t care 

High impedance “off state 

High-to-Low E transition 


eee ‘TABLE, 74ALS374 


CNR EO OSs 


= High voltage level : 

= High voltage level one set-up time prior to the Low-to-High clock transition 
= Low voltage leve! 

= Low voltage level one set-up time prior to the Low-to-High clock transition 
= Nochange 


Don't eare 

High impedance “off state 
Low-to-High clock transition 

Not a Low-to-High clock transition 
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Product Specification 


Latch/Flip-Fiop . 74ALS373, 74ALS374 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
; ’ Unless otherwise noted these limits are over the operating free-air temperature range.) 


os eT, 


P| Tee vaiage S50 +70 
in| pt coron | 
Voltage applied to output in High output state 0.5 0 +o Vv 


Current applied to output in Low output state 48 mA 


Sporn Fa ong ra 
Cera | Some wmpeame 


RECOMMENDED OPERATING CONDITIONS 


a v 
High-level input voltage | 20 | Vv 

Low ivel put vag pe oe ee 
ie | ancanpamet OO SSSSC—~sSSSSCC 
CC 
CC 
i 
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Product Specification 


Latch/Flip-Flop 74ALS373, 74ALS374 


c 
> 
4 
5 
=] | iF 
> 
2 
a 


a 


Low-level output voltage 


in cla age Neorg 
Input current at maximum 
input voltage 
74ALS373 
Low-level input current Voc = MAX, Vv, =0.4V 
74ALS374 
Off-state output current, _ 
| toot Hightevel voltage applied Voo = MAX, Vo = 2.7¥ 
Off-state output current, - = 
[ton | Low-Jevel voltage applied ama oka , 


3/3 is/s|< 


fe 
= a 
" 
x 
L | 


o 
3 


EE 
sala § 
N 

3/3{ 3] 5 | 


é 
E 
Bie 
BEER 
EEE 
BEEB 


NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Von = SV, T, = 25°C. 


3. The output conditions have been chosen to produce @ current that dlosely approximates one half of the tue short-circuit current, los 
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Product Specification 


Latch/Flip-Flop 74ALS373, 74ALS374 


AC ELECTRICAL CHARACTERISTICS 


LIMITS. 


PARAMETER 


Propagation delay 

D, to Q, 

Propagation delay 

tou EtoQ, 

hie Output Enable time 74ALS373 Waveform 4 
toz. to High or Low level Waveform 5 
touz Output Disable time 

toz to High or Low level 


| fax __| Maximum Clock frequency Wecean 
Propagation delay 
oti ei 


to High or Low level 74ALS374 


Output Disable time 
to High or Low tevel 


PARAMETER 
t,(H) Set-up time 
H) Hold time 
. _ 
Mu) 


H Hold time 
a nasm{ moons [Te 
tH) | CP Pulse width, 
ft) High or Low 


= 
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Product Specification 


Latch/Flip-Flop 74ALS373, 74ALS374 


AC WAVEFORMS 


Test Clrcult For 3-State 
SWITCH POSITION 


Input Pulse Definition 


DEFINITIONS INPUT PULSE REQUIREMENTS 


R, = Load resistor; see AC CHARACTERISTICS for value. | tw | tn | tn | 
C, = Load capacitance includes jig and probe capacitance; 

see AC CHARACTERISTICS for value. 
R,= Termination resistance should be equal to Zour of 

pulse generators. 
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FEATURES 


Kea! for addressable register 

applications ~ 

Enable for address and data syn- 

chronization applications 

+ Elght edge-triggered D-type filp- 
flops 

+ Buffered common clock 

« See 'ALS273 for Master Reset 
version 

+ See ‘ALS373 for transparent latch 

. Version 

* See 'ALS374 for 3-State version 


DESCRIPTION 


The 74ALS377 has eight edge-triggered D- 
type flip-flops with individual D inputs and Q 
outputs. The common buffered Clock (CP) 
input toads all flip-flops simultaneously 
when the Enable (E) input is Low. 


The register is fully edge-triggered. The 
state of each D input, one setup time before 
the Low-to-High clock transition, is trans- 
ferred to the corresponding flip-flop’s Q 
output. The E input must be stable one 
setup time prior to the Low-to-High clock 
transition for predictable operation. 


PIN CONFIGURATION 


July 1988 


74ALS377 
Flip-Flop — 


Octal D Flip-Flop With Enable 
Preitminary Specification 


TYPICAL SUPPLY CURRENT 


COMMERCIAL RANGE 
veg BION: T, so oC 
Pi Paste OP wnat 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


TAALS(U.L. LOADVALUE 
Pee | oscmren | 


[Dy-D, | Deiminpis | 800 | 20yA.tmA 
[ce | sono | 


Clock Pulse input (active rising edge) | 20nA/0.1mA | 
Te | Enable input (ecivetow | 1.01.0 | _2oyA0.1mA | 
[o,-a, | damounm | tanreuo | marca | 
NOTE 


One (1.0) ALS Unit Load Is defined as: 20pA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL 


LOGIC SYMBOL(IEEE/EC 


347 8 13161718 


B, 0, 0, 0,0, 0,0, D, 


O, 2, 2, 2, 2, , @, ©, 


2 5 6 8 12 151619 
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Preliminary Specification 


Flip-Flop 74AL8377 


LOGIC DIAGRAM 


ee mm 
a ee 


T no change : 
xX no change Hold (do nothing) 


= High voltage level 

= High voltage level one set-up time prior to the Low-to-High clock transition 
= Low voltage level 

= Low voltage level one set-up time prior to the Low-to-High clock transition 
= Don'tcare 

= Law-to-High clock transition 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the Operating free-air temperature range.) 


ews. PARAMETER [name [unr] 
ot age | a 
OS ae a Ce Se a 
[laun _|orentaoplede copitn towovpiteaie 


Operating free-air temperature range 0 to +70 
Storage temperature 
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Preliminary Specification 


Flip-Flop | 74ALS377 


RECOMMENDED OPERATION CONDITIONS 


— fee 
= eral 
ee 


| Nem | mee | 
Sip wine as [ se [| 
ee ee ee 

ee 


High-level input voltage 
Lawivel put vas Paar 
ig | peta corer Pe 
Tow _| High-level output current aa 


Low-level output current 
Operating free-air temperature range 


it 
Vei 


V, 


OL 
Vix 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. Ali typical values are at Vo- = 5V, T, = 25°C. 

3. ‘The output conditions have been chosen to produce @ current that closely approximates one hall of the true short-ciruit output currentilag. 
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Preliminary Specification 


Flip-Flop 74ALS377 


AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER TEST CONDITION 


T, = 0°C to +70°C 


Voc = 5V 410% 


C, = 50pF 


t™ = 0°C to +70°C 
Vee = §V 410% 


AC WAVEFORMS 


NOTE: For all waveforms, V,, = 1.3V. 


The shaded areas indicate when the input is permitted to change for predictable output performance. 
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Preliminary Specification 


Flip-Flop ; 74ALS377 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For Totem-Pole Outputs 


INPUT PULSEREQUIREMENTS 


‘AMILY 
Rr umteiecemscounscrensnestraen |" ain [oy [no | 
wa [357 | are [lai fa 


C= Load capacitance includes jig and probe capacitance; ras | 


DEFINITIONS F 


‘see AC CHARACTERISTICS for value. 
= : Termination resistance should be equal to Z 7, of 
pulse generators. 


Ry 
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FEATURES 

* Combines '245 and ‘373 type 
functions in one chip — 

* 8-bit octal transceiver with D-type 
latch : 


* Back-to-back registers for storage 

* Separate controis for data flow in 
each direction 

* The -1 versions sink 48mA Jo. 
within the + S%Vo0 range 

300 mil wide 24-pin Slim DIP 
package 

« %-state outputs for bus-orlentated 
applications . 


DESCRIPTION 


The 74ALS543/74ALS543-1 and 
74ALS544/74ALS544-1 Octal Registered 
Transceivers contain two sets of D-type 
latches for temporary storage of data flow- 
ing in either direction. Separate Latch 
Enable (CEAB, CEBA) and Output Enable 
(GEAB, OEBA) inputs are provided for 
each register to permit independent con- 
trol of inputting and outputting in either 
direction of data flow. While the 'ALS543/ 
‘ALSS43-1 has non-inverting data path, 
the ‘ALSS44/ALS544-1 inverts data in 
both directions. The 'ALS543-1 and 
‘ALS544-1 will sink 48mA if the Voc is 
limited to 5.0V+0.25V. 


PIN CONFIGURATION 


Voc 
eax 
& 
8, 
& 
% 
& 
Cs 
& 
e 
izAs- 
ea 


October 24, 1988 


74ALS543, 74ALS543-1, 
74ALS544, 74ALS544-1 
Transceivers 


T4ALS543/ALS543-1 Octal Registered Transceiver, Non-Inverting (3-State) 
74ALS544/ALS544-1 Octal Registered Transceiver, inverting (3-State) 
Preliminary Specification 


TYPICAL PROPAGATION | TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
ORDERING INFORMATION 


COMMERCIAL RANGE 
vag Oni, suo 0C 
24-Pin Plastic Slim DIP (300mil) | 74ALSS4SN, 74ALS543N-1, 74ALSS44N, 74ALS544-1N 
4-Pin Plastic SOL 74ALS543D, 74ALS5430-1, 74ALS544D, 74ALS544-10 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 
TYPE DESCRIPTION _Nigentoe 


7080 | Timbo 
5,5, | Otous (Al versns) | yeaa 
sae 
NOTE; 


One (1.0) ALS Unit Load is defined as: 20uA in the High state and 0.1mA in the Low state. 
LOGIC SYMBOL(IEEE/IEC) 


i 


3) 3/3) 3 


v7 


= 


fern 
: 


fen 


a 


3 
> 


Riri 
ELEERe 


544/ 


| 
2 


LOGIC SYMBOL 


"ALS543/ALS543-1 


348 678 9 


A AAA AAA A, 


Le 8, & 8, 8, 8, 8, 8, 


2221 19 18:17 16 15 


Voc = Pina 
GND « Pin 12 
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Preliminary Specification 


Bus Transceivers 74ALS543, 74ALS543-1, 74ALS544, 74ALS544-1 


LOGIC SYMBOL (IEEEAEC 


PIN CONFIGURATION LOGIC SYMBOL 


= 
-_ 
Ly) 
ky, 
Te 
% 
XK 
& 
is 
* | 
at 
an 


gyre eaner ag 


FUNCTIONAL DESCRIPTION 

The 'ALS543/ALS543-1 and ‘ALS544/ 
‘ALS544-1 contain two sets of eight D-type 
latches, with separate input and controls for 
each set. For data flow from A to B, for ex- 
ample, the A-to-B Enable (EAB) input must be 
Low in order to enter data from A,-A_ or take 


‘ALS544/ALSS44-1 
248678 0” 


Me A AN AN A 


8, 5, &, 8, 8, 5,8, °y 


2221 20 10 18 17 16 18 


Van = Pin 24 
GND = Pin 12 


data from B,-B., as indicated in the Function 
Table. With EAB Low, a Low signal on the A- 
to-B Latch Enable (TEAB) input makes the A- 
to-B latches transparent; a subsequent Low-to 
High transition of the TEAB signal puts the A 
latches in the storage mode and their outputs 


FUNCTION TABLE for *ALS543/"ALS543-1 and 'ALS544/ALS544-1 


X=Don't care 
NC=No change 
Z =High impedance “off state 


October 24, 1988 
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*ALS544/ALS544-1 


no longer change with the A inputs. With EAB 
and OEAB both Low, the 3-state B output 
butters are active and display the data present 
at the outputs of the A latches. 

Control of data flow from B to A is similar, 
but using the EBA, LEBA, and OEBA inputs. 


before the Low-to-High transition of LEXX or EXX (XX=AB or BA) 
fore the Low-to -High transition of LEXX or EXX (XX=AB or BA) 


Preliminary Specification 


Bus Transceivers. . 74ALS543, 74ALS543-1, 74ALS544, 74ALS544-1 


LOGIC DIAGRAM 


PPOPIEPP 
ye gS 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


[evapo [amare a 
A a 
aT 


ar | Current applied to output in Low output state = tee 


t Operating free-air temperature range 
[Tere | Sere topes 
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Pretiminary Specification 


Bus Transceivers . 74ALS543, 74ALS543-1, 74ALS544, 74ALS544-1 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted.) 


SYMBOL 


d 
BSAG 
[ey la 


High-level output voltage 


Vog = MIN 
ot. Low-level output voltage 
| -1 versions | Vog = 4.75V lo 
a 


Vog * MAX, V, = 7.0V 


< 
carl 
BEES 


<jpcj)<ic 
ste lel ||<i*) 


: 


ue a eae 
coor 


] 

i 

i 

\ 
cae 


i 
2 
i 
/3|8/3/ 8 


o 
Ps 


Voc = MAX, V, = 5.5V 


N 
| 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vo_. = SV, T, = 25°C. 

3. For VO ports, the parameters ly, and, include the off-etate current. 

4. The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, log: 


: 
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Preliminary Specification 


Bus Transceivers 74ALS543, 74ALS543-1, 74ALS544, 74ALS544-1 


AC ELECTRICAL CHARACTERISTICS for ‘ALS543/ALS543-1 


PARAMETER 


Propagation delay 
A, toB, 
Propagation delay 
B tA 


n n 
Propagation delay 
teta toA, 
Propagation delay 

to B, 
Output Enable time 


or to A, or B. 


Output Disable time 
or OEAB to A, or B. 


Output Enable time 
or EAB to A, or 8, 


Output Disable time 
or EAB to A, or B, 


PARAMETER 


Hold time, High or Low 


Setup time, High or Low 
A, or 8, to LEAB, LEGA, EAB, of EBA 
A, oF B, to , LEBA, EAB, or EBA 
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Preliminary Specification 


Bus Transceivers 74ALS543, 74ALS543-1, 74ALS544, 74ALS544-1 


uy = 0°C to +70°C 
Voc = 5V +10% 
C = SO0pF 

R, = 500Q 


G 
if 
i 
ied 


PUP FT 
y F 
S| ¢ 
&| £ 
$3 


= ee 
rece [wee | | 
it : 

Ou Enable time Waveform 4 
Se Sew, o8, [vemos |e 
OBB nor aa 
wBAB OR, OB, 

Output Enable time Waveform 4 

EBA or EAB to A, or B, Waveform 5 

Output Disable time Waveform 4 

ERK or EAB tA, or B, Waveform 5 


Ba 


ig 


AC SETUP REQUIREMENTS for ‘ALS544/"ALS544-1 


Latch enable Pulse width, Low 
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Preliminary Specification 


oe 
Bus Transceivers _ T4ALS543, 74ALS543-1, 74ALS544; 74ALS544-1 


AC WAVEFORMS 


Wavetorm 1. Propagation Detay For 
inverting Output 


An By 


n 5, 


LEAB + LEBA 


OEAB . COEBA 
EAB: EBA 
Ay Bp 
Ku BF 
Wavetorm 4. 3-State Enable Tune To 
ri Disable Tene pata High Wavetorm 5. 3-S1ate Sar la 


NOTE: For al wavelorms, V,, = 1.3V. 
The shaded area indicate when the input is permitied to change for predictable output 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For 3-State Outputs 


SWITCH POSITION 
Vyg 2 1.3V 


Input Pulse Definition 


INPUT PULSE REQUIREMENTS 


DEFINITIONS 
R, = Load resistor; see AC CHARACTERISTICS for value. ; | MHz | S00ns| 
C, = Load capacitance includes jig and probe capacitance; 

see AC CHARACTERISTICS for value. 
R, = Termination resistance should be equal to Z,,,, of 

pulse generators. 
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FEATURES. 

74ALS5634A Is broadside pinout 
and inverting version of 74ALS373 
7T4ALS564A Is broadside pinout 
and inverting version of 74ALS374 
Inputs and Outputs on opposite 
side of package allow easy inter- 
face to Microprocessors 

Useful as an Input or Output port 
for Microprocessors 

* 3-State Outputs for Bus interfacing 
¢ Common Output Enable 
74ALS573B and 74ALS574A are 
non-inverting versions of 
T4ALS563A and 74ALSS564A re- 
spectively 


DESCRIPTION 


The 74ALSS63A is an octal transparent - 
latch coupled to eight 3-State output bulf- 
ers. The two. sections of the device are 
controlled independently by Enable (E) 
and Output Enable (OE) control gates. 
The 74ALSS63<A is a complementary ver- 
sionof the 74ALS373 and has a broadside 
pinout configuration to facilitate PC board 
layout and allow easy interface with micro- 
processors. 


PIN CONFIGURATION 


< 
a ee ee ee 


February 5, 1968 


74ALS563A, 74ALS564A 
Latch/Flip-Flops 


74ALS563A Octal Transparent Latch, inverting (3-State) 
74ALS564A Octal D Filp-Flop, inverting (3-State) 


Product Specification 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 


DELAY (TOTAL) 


ptm 
ORDERING INFORMATION 


COMMERCIAL RANGE 
PACKAGES Voc = SVL10%; T, = 0°C to +70°C 
20-Pin Plastic DIP TAALSSESAN, 74ALS564AN 
20-Pin Plastic SOL T4ALS5€3A0, 74ALS564AD 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


74ALS(U.L) | LOADVALUE 
HIGH/LOW HIGH/LOW 
= EC 
(active Low) 


P(A Clock Pulse input 
iat 
[| 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


a 
fl 
i 


a 
ili 


LOGIC SYMBOL 


23486768 


5, ©, B, 5, B,D, BO, 


Q, 2, 2, 0, 2, 2, O, ©, 


19 18 17 16 18 14 13 12 
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Product Specification 


Latch/Flip-Flops 


74ALS563A, 74ALS564A 


PIN CONFIGURATION 
TAALSS64A 


- 


~ 


cy 
@, 
a; 
ay 
a, 
ry 
a 
a, 
cp 


The data on the D inputs is inverted and 
transferred to the latch outputs when the 
Enable (E) input is High. The latch re- 
mains transparent to the data input while 
E is High and stores the inverted data that 
is present one set-up time before the 
High-to-Low enable transition. 


The 74ALSS64A is a complementary 


version of the 74ALS374 and has a 
broadside pinout configuration to facili- 


LOGIC DIAGRAM, 74ALS563A 


February 5, 1988 


LOGIC SYMBOL 


2348567898 


D, 0, 0, 0, 0, 0, 0,0, 


G, 2, 2,0, 2, 2, 2, 2, 


19 18 17 16 15 14 13 12 


tate PC board layout and allow easy inter- 
face with microprocessors. It is an 8-bit, 
edge triggered register coupled to eight 3- 
State output buffers. The two sections of 
the device are controlled independent 
by the clock (CP) and Output Enable (OE) 
control gates. 

The register is fully edge triggered. The 
state of each D input, one set-up time 
before the Low-to-High clock transition is 
inverted and transferred to the corre- 
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LOGIC SYMBOL(IEEENEC) 
74ALS564A 


sponding flip-flop’s Q output. 


The active Low Output Enable (OE) 
controls all eight 3-State buffers. When 
SE is Low, the stored or transparent data 
appears at the outputs. When OE is High, 
the outputs are in high impedance “off* 
state, which means they will neither drive 
nor load the bus. 


Product Specification 


Latch/Flip-Flops 74ALS563A, 74ALS564A 


LOGIC DIAGRAM, 74ALS564A 


OPERATING MODE 


Enable and read register 


High voltage level 
High voltage level one set-up time prior to the High-to-Low E transition 
Low voltage level 
Low voltage level one set-up time prior to the High-to-Low E transition 


OPERATING MODE 


voltage level one set-up time prior to the Low-to-High clock transition 
voltage level 
voltage level one set-up time prior to the Low-to-High clock transition 


22g 


H = 
h = 
L = 
[= 
NC = No change 
X = 
Z = 
tT = 
t «= 
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Product Specification 


Latch/Flip-Flops » T4ALS563A, 7AALSSO4A 


ABSOLUTE MAXIMUM RATINGS (Cporation beyond the limits set forth in this table may impair the useful life of the-device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


Current applied to output in Low output state 


Operating free-air temperature range 0 to +70 
-65 to +150 


Operating free-air temperature range 
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Product Specification 


Latch/Flip-Flops | 74ALS563A, 74ALS564A 


DC ELECTRICA! MARAG TERS | > (Over recommended operating free-ak temperature tance unless omerwise 1) 
+E a 


ee 


Input current at maximum 
rh owe 


1, For conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vo. = SV, T, = 25°C. : 
3. The ouput condidons have been chosen to produce a curent that dosely epproximame ane half of fhe tue short-cut curert,| = 
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Product Specification 


Latch/Flip-Flops TAALS563A, 74ALS564A 


AC ELECTRICAL CHARACTERISTICS 


SYMBO PARAMETER 


tou Propagation delay 
Youn Propagation delay 
tou fa, 
74ALS563A 


Output Enable time 
to High or Low level 
Output Disable time 
to High or Low level 


Output Disable time 
to High or Low level 


T= orc to +70°C 
Vn = SV 410% 
a = SOpF 


1,(H) Set-up time 
t(L) 0, toE 


LAL) D, WE 
(Y) D. to CP 
t,(H) old time 
nase 
CP Pulse width, 
yt) High or Low 


February 5, 1988 5-166 


Product Specification 


Latch/Flip-Flops . 74ALS563A, 74ALS564A 


AC WAVEFORMS 


NOTE: For all waveforms, V,, = 1.3V. 


The shaded areas indicate when the input is permitted to change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For 3-State Outputs 


SWITCH POSITION 
SWITCH tan 
closed 2.0ns 
closed 
| DEFINITIONS 


R, = Load resistor; see AC CHARACTERISTICS for value. 

CG, = Load capacitance inckides j jig and probe capacitance; 
see AC CHARACTERISTICS for vaiue. 

R, = Termination resistance should be equal to Zour of 
pulse generators. 


February 5, 1998 5-167 


FEATURES 
* 74ALS573B is broadside. pinout 
version of 74ALS373 


74ALS574A |s broadside pinout 


version of 74ALS374 

Inputs and Outputs on opposite 

side of package allow easy inter- 

face to Microprocessors 

¢ Useful as an Input or Output port 
for Microprocessors 

+ 3-State Outputs for Bus interfacing 

« Common Output Enabie 

* T4ALSS63A and 74ALS564A are 
inverting version of 74ALS573B 
and 74ALSS574A respectively 


DESCRIPTION 


The 74ALS573B is an octal transparent 
latch coupled to eight 3-State output buff- 
ers. The two sections of the device are 
controlied independently by Enable (E) 
and Output Enable (OE) control gates. 
The 74ALS5738B is functionally identical to 
the 74ALS373 but has a broadside pinout 
configuration to facilitate PC board layout 
and allow easy interface with micropro- 
cessors. 


PIN CONFIGURATION 
74AL8573B 


February 5, 1968 


74ALS573B, 74ALS574A 
Latch/Flip-Flops 


74ALS573B Octal Transparent Latch (3-State) 
74ALS574A Octal D Flip-Flop (3-State) 


Product Specification 
TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
vanisere | Sone 


COMMERCIAL RANGE 
Vog 2 5V210%; T, = 0°C to 470°C 


" 74ALSS7SBN, 74ALS574AN 
T74ALS5738D, 74AL9574AD 


NOTE: — 
One (1.0) ALS Unit Load is defined as: 20yA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL 
74AL8573B 


LOGIC SYMBOL(IEEE/IEC 
74AL8573B 


234867880 


D, 0, 0, 0, D, 0, 9,0, 


©, @, 2 0, 2, 5 O, a, 


19 16 17 16 15 14 13 12 


Vog = Pin 20 
GND = Pin 10 
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Product Specification 


Latches/Flip-Flops 


74ALS573B, 74ALS574A 


PIN CONFIGURATION 
T4ALSS74A 


The data on the D inputs is transferred to 
the latch outputs when the Enable (E) 
input is High. The latch remains transpar- 
ent to the data input while E is High and 
stores the data that is present one set-up 
time before the High-to-Low enable tran- 
sition, 

The 74ALS574A is functionally identical 


to the 74ALS374 but has a broadside 
pinout configuration to facilitate PC board 


LOGIC DIAGRAM, 74ALS573B 


January 1988 


LOGIC SYMBOL 
74ALS574A 


234856788 


D, 0, 0, 0,0, D, D, D, 


2 @, 2, 0, 0, 2, 0,0, 


19 18 17 16 15 14 12 12 


layout and allow easy interface with mi- 
croprocessors. It is an 8-bit, edge trig- 
gered register coupled to eight 3-State 
output buffers. The two sections of the 
device ate controlled independently 
the clock (CP) and Output Enable (OE) 
control gates. 

The register is fully edge triggered. The 
state of each D input, one set-up time 
before the Low-to-High clock transition is 
transferred to the corresponding flip- 
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LOGIC SYMBOL(IEEE/EC) 
74ALSS5S74A 


flop’s ‘Q output. 


The active Low Output Enable (OE) 
controls all eight 3-State buffers. When 
SE is Low, the stored or transparent data 
appears atthe outputs. When OE is High, 
the outputs are in high impedance “off” 
state, which means they will neither drive 
nor ioad the bus. 


Product Specification 


Latches/Flip-Flops —_- 74ALS573B, 74ALS574A 


‘ 


LOGIC DIAGRAM, 74ALS574A 


H_ = High voltage level 

fh == High volage level one set-up time prior to the High-to-Low E transition 
Lm Low voltage level 

| = Low voltage level one set-up time prior to the High-to-Low E transition 
NC = Nochange 
X = 
z - 
Le. 


High vokage level ' : 

High voltage level one set-up time prior to the Low-to-High clock transition 
tow 
low 


voltage level 

voltage level one set-up time prior to the Low-to-High clock wansition 
No change 

Don't care 

High impedance “off” state 

Low-to-High clock transition 

Not a Low-to-High clock transition 


RON eo fae 
oer ete ene 
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Product Specification 


Latches/Flip-Flops 74ALS573B, 74ALS574A 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
: Unless otherwise noted these limits are over the operating free-air temperature range.) 
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Product Specification 


Latches/Flip-Flops |. 74ALS573B, 74ALS574A 


Veo 


= MAX, V = 7.0V 


~~ 
= 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V--. = 5V, T, = 25°C. 

3 ‘The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, |, . 
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. Product Specification 


Latches/Flip-Flops 74ALS573B, 74ALS574A 


AC ELECTRICAL CHARACTERISTICS 


it Enable time 
igh or Low level 


2 time 


T, = OC to «70°C 
Vog = SV £10% 
Cc, zs SOpF 


REQUIREMENTS 
a _— 


t.(H) Set-up time 
t,(H) Hold time 

it) D, mE 74ALS573B 
t Set-up time 
A) Hold time 
f(t) 0, to CP 74ALS574A 
t,(H) | CP Pulse width, 

a) High or Low 


AC SETUP 
8 
A 
$s 
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Product Specification 


Latches/Flip-Flops 74ALS573B, 74ALS574A 


AC WAVEFORMS 


Wavetorm 1. 
Inputs To 
and 


NOTE: For all waveforms, V,, = 1.3V. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


TEST CIRCUIT AND WAVEFORMS 


ole 


Teat Circult For 3-State Outputs 
SWITCH POSITION 


taz 


closed Input Pulse Definition 


DEFINITIONS INPUT PULSE REQUIREMENTS 


R, = Load resistor; see AC CHARACTERISTICS for valve. | Amplitude | Rep. Rate | tw | tay [tra | 
CQ= Load capacitance includes jig and probe capacitance; 
soe AC CHARACTERISTIC or va. Fear I cA act Nr anal 


Ry = Termination resistance should be equal to Zour of 
pulse generators. 
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FEATURES 


* Octal bidirectional bus Interface 

* 3-state buffer outputs sink 24mA 
and source 15mA 

¢ The -1 version sinks 48mA lo. 
within the +5%. Voc range 


DESCRIPTION 

The 74ALS620A and 74ALS623A are 
octal bus transceivers featuring 3-state 
bus-compatible outputs in both send and 
receive directions. The 74ALS620A is an 
inverting version of the 74ALS623A. The 
outputs are capable of sinking 24mA and 
sourcing up to 15mA, providing very good 
capacitive drive characteristics. The 
outputs for the 74ALS620A-1 and 
74ALS623A-1 are capable of sinking up 
to 48mA when within the +5% Voc range. 
These octal ‘bus transceivers are de- 
signed for asynchronous two-way com- 
munication between data busses . The 
control function implementation allows for 
maximum flexibitty in timing. These de- 
vices allow data transmission from the A 
bus to the B bus or from B bus to A bus, 
depending upon the logic levels at the 
Enable inputs (OEBA and OEAB). The 
Enable inputs can be used to disable the 
device so that the busses are effectively 
isolated. The dual-enable configuration 
gives the ‘ALS620A and ‘ALS623A the 
capability to store data by the simultane- 


PIN CONFIGURATION 
74ALS620A 


OEAB 

% 

A 

3 

Ay 

N 

As 

% 

tad 
@no fic 


/4ALS620A, 74ALS620A- | 
74ALS623A, 74ALS623A- 1 


Transceivers 


T4ALS620A/620A-1 Octal Bus Transceiver, inverting (3-State) 
T4ALS623A/623A-1 Octal Bus Transceiver, Non-Inverting (3-State) 
Product Specification 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY (TOTAL) 
TASNRDAT| aw | 


ORDERING INFORMATION 
COMMERCIAL RANGE 


} _paceaces | Vege HOTT, OC 1 70% 


20-Pin Plastic DIP 74ALS620AN, TAL620A-1N, 74ALS623AN, 7AL623A-1N 


20-Pin Plastic SOL 74ALS623AD, 7AL623A-1D, 74ALS623AD, 7AL623A-1D 


INPUT AND OUTPUT LOADING AND FAN-QUT TABLE 


Sk 
[BEER Ce copmetinwas [tana [ak 
51 La 
Pa, enon 


Data outputs (-1 version) 


LOADVALUE 
HIGH/LOW 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20A in the High state and.0.1mA in the Low state. 


ous enabling of OEBA and OEAB. Each 
output reinforces its input in this trans- 
ceiver configuration. Thus, when both 
contro! inputs are enabled and all other 
data sources to the two sets of the bus 


LOGIC SYMBOL 


23456789 


Ae A Ae As Aa Ag Ag Az 
OEAB 
GOEBA 

By B, B By By Bs By 8, 


48 17 186 15 14 13 12 11 
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lines are at high impedance, both sets of 
bus lines (16 in all) will remain at their last 
states. 


LOGIC SYMBOL(IEEEAEC. 
74ALS620A 


Product Specification 


Transceivers — 74ALS620A, 74ALS620A-1, 74ALS623A, 74ALS623A-1 


PIN CONFIGURATION LOGIC SYMBOL LOGIC SYMBOL(IEEE/EC) 
T4ALS623A 


T4ALS623A 


23456789 


Ao Ay Aa Ag Ag As Ag Ay 
OEAB 


By By Be 83 By Bs Bg By 


18 17 16 15 14 13 12 11 


LOGIC DIAGRAM FUNCTION TABLE 


TAALS620A T4ALS623A 


een [oens | reasnn [rasta 
[0 | Bein eb | a Aba | 
fee eerie 


sae B data ‘saan 
data to B bus | A data to B bus 


H = High voltage level 

L_ = Low voltage level 

X = Don'tcare 

Z «= High impedance ‘off state 
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Product Specification 


Transceivers 74ALS620A, 74ALS620A-1; 74ALS623A, 74ALS623A-1 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Uniess otherwise noted these limits are over the operating free-air temperature range.) 


0.5 to +7.0 
0.5 to +7.0 
0.5 to Voc 
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Product Specification 


Transceivers 74ALS620A, 74ALS620A-1, 74ALS623A, 74ALS623A-1 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted:) 


Peceabinians | nar 
rere | 


SYMBOL 


AG 


ae 
é 
H 
i 
j 
ze 
55 
A 
3 
5G 
ge] | 
a 
eae 


4 
i 
i 

q 

3 
SES 
BBG 


4 

i 
4" 
hd 
Bo 
B 


i 

‘ 
aie 
a 

ao 


f 
H 
i 
| 
F 
OD 


(total 


i 
i 
eee 

aes 
Boooon 

fal 
BBoG 


NOTES: . 

1 Ae actions shown ss MIN or MAX, use the appropriate value specified under recommended operating conditions lor the applicable type. 
2. All typical values are al V_- = 5V, T = 25°C. 

3. For ¥O ports, the parameters j,, andl, include the off-state current. ; 

4. The output conditions have been choeén to produce current that closely approximates one half of the true short-circuit output current, Igg- 
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Product Specification 


Transceivers - FAALS620A, 74ALS620A-1, 74ALS623A, 74ALS623A-1 


AC ELECTRICAL CHARACTERISTICS 


T, = OC to 470°C 


T4ALS620A 
74ALS620A-1| Wa 


16.0 
19.6 
22.0 
22.0 


Waveform 1. For inverting Outputs Waveform 2. For Non-inverting Outputs 


OEBA 
Vu Vu 
tea tna OEAB tpiz 
me Vio -0.3V 
Aor B, ™ oy | nor Bh Vu V o1s0.3V 
-¥ 
Wavetorm 3. 3-State Output Enable Time To High Waveform 4. 3-State Output Enable Time To Low 
Level And Output Disable Time From High Level Level And Output Disable Time From Low Level 


NOTE: For all waveforms, V,, = 1.3V. 
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Product Specification 


Transceivers > 74ALS620A, 74ALS620A-1, 74ALS623A, 74ALS623A-1 


TEST CIRCUIT AND WAVEFORMS 


Test Ciroult For 3-State 
SWITCH POSITION 


input Pulse Détinition 


= Load resistor; see AC CHARACTERISTICS for value. FAMILY INPUT PULSE REQUIREMENTS 
c+ Leics nn aah pr Are rey [oe | 
see AC CHARACTERISTICS for value. 
Ry Termination researc shouldbe aqui toZayy ot «| MALS | 85 | 1Mate | sone] 2.0m | 2.0m | 
pulse generators. 
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FEATURES 


+ Octal bidirectional bus interface 

« 3-state buffer outputs sink 24mA 
and source 15mA. : 

+ Outputs are placed in high imped- 
ance state during power-off 
conditions 

» The -1 version sinks 48mA lon 
within the 15% V_.-, range 


DESCRIPTION 


The 74ALS645A is an actal transceiver 
featuring non-inverting 3-state bus com- 
patible outputs in both transmit: and re- 
ceive directions. The device features an 
Output Enable (OE) input for easy cas- 
cading and Transmit/Receive(T/A) input 
for direction control. The 74ALS645A-1 is 
the same as the 74ALS645A except that 
the B port sinks 48 mA within the 5% Veg 
range. 


PIN CONFIGURATION 


erpesrpsser rhs 


TOP VIEW 
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7T4ALS645A, 74ALS645A- | 
Transceivers. 


Octal Transceivers ( 3-State ) 
Product Specification : : 


TYPICAL PROPAGATION TYPICAL SUPPLY CURRENT 
DELAY a3 (TOTAL) 
T4ALS645A 7.008 
T4ALS645A-1 


ORDERING INFORMATION 
COMMERCIAL RANGE : 


20-Pin Plastic DIP "N74ALS645AN, N7AL645A-1N 
20-Pin Plastic SOL N74ALS645AD, N7AL645A-1D 


INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.1mA in the Low state. 


LOGIC SYMBOL LOGIC SYMBOL(IEEE/EC 


234585 67889 


Ag Ay Ay Ay Ay As Ag AY 


By 8, 8, 8, 8, 5, 8, &, 


18 17 16 15 14 «13:12 11 
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Product Specification 


Transceivers < T4ALS645A, 74ALS645A-1 


FUNCTION TABLE 
H=High voltage level 
inti SL OUTPUTS | L-Low voliage lave 
[Oe | Ta | Xeon car 
2=High impedance “off " state 


Bus B data to Bus A 
Bus A data to Bus 8 
Zz 


L L 
L H 
H x 


LOGIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


PARAMETER |RATING 
Yex_| So 
V, 


Input voltage 05 to +7.0 


iN 


Voltage applied to output in High output state 


- Operating free-air temperature fange 
T5174 Storage temperature 


PARAMETER 


0.5 to +5.5 
48 
96 


-65 to +150 


Supply voltage 


Vy High-level input voltage 
Vv, | Low-level input voltage 


A 


Low-level output current 


Operating free-air temperature range 


NOTE: 1. The 48 mA limit applies only under the condition of Voc = 5.0V45%. 
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Product Specification 


Transceivers. 74ALS645A, 74ALSO45A- 1 


DC ELECTRICAL CHARACTERISTICS (Over recommended operating free-air temperature range unless otherwise noted, 


High-tevel output voltage 


Low-level output voltage ee 


=: | eee Meera 
input current at maximum Veg = MAX, V, = 7.0V 
input voltage - OF or TA 
Input current at maximum 
input voltage - A or B ports 
[Hnttename | Yeermiiynaw 
(oriaigcure «| Megemat nowy 
f Stcamenatane’ | Vogritvg= tay | 


toon _| | 
Supply current (total) | Noca._| 
| eee _| 


~ 


A 


o 


gs 
ps 
: 
i i E 
& 
3 
BAU 


-) e|e 
refelel [| | [slelele 
BELEEEBEEEEE 


: 


1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 


5 “The output conditions have been chosen to produce current that closely approximates one half of the true short-circuit output current, log: 
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Product Specification 


Transceivers - 4 7T4ALS645A, 74ALS645A-1 


AC ELECTRICAL CHARACTERISTICS 


Tg 20°C to 470°C 
Vog = SV #10% 


Output Enable 
0 High or 
Output Disable 

to High or Low level 


AC WAVEFORMS 


Waveterm 2. 3-8tate Output Enable Time To High Level 
‘And Ouipat Disable Tene Frerm High Cone! 


NOTE: For all waveforms, V,, = 1.3V. 


Gq ua 
Test Circuit For 3-State Outputs 
SWITCH POSITION 


t closed 
PLZ V,, = 1.3V 
‘pz noes Input Pu Definitl 
All other Input Pulse ion 


DEFINITIONS 
R, = Load resistor; see AC CHARACTERISTICS for value. INPUT PULSE REQUIREMENTS 


ramuy|——_'NPUTPULSEREQUREMENTS | 
C, = Load capacitance includes jig and probe capacitance; | Ampitude | Rep. Rate] ty | try | tr | 


see AC CHARACTERISTICS for value. 


| Pi-= Termination resistance should be equal to Zoy5, of ae 
pulse generators. 
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FEATURES 

¢ Combines ‘245 and '374 type 
functions in one chip 

+ Independent registers for A and B 
buses 

» Multiplexed real-time and stored 
data 


¢ Choice of non-inverting and 
Inverting data paths 

+ 3-state outputs 

+ The -1 version sinks 48mA I, 
within the +5% V,,. range 


DESCRIPTION 


The 74ALS646/74ALS646-1 and 
74ALS648/74ALS648-1 Transceivers/ 
Registers consist of bus transceiver cir- 
cuits with 3-state outputs , D-type flip- 
flops, and control circuitry arranged for 
multiplexed transmission of data directly 
from the input bus or the internal registers. 
Data on the A or B bus will be clocked into 
the registers as the appropriate clock pin 
goes High. Output Enable (OE), direction 
(DIR) and Select (SAB, SBA) pins are 
provided for ous management. The 
74ALS646-1 and 74ALS648-1 will sink 
48mA if the V,, is limited to 5.0V+0.25V. 


PIN CONFIGURATION 
‘ALS646/ALSE646-1 


“oa 
PREPRESS RE ET 
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TAALS646, 74ALS646-1 
T4ALS648, 74ALS648- | 
Transceivers/Registers 


*ALS646/646-1 Octal Transceiver/Register, Non-Inverting (3-state) 
*‘ALS648/648-1 Octal Transcelver/Register, inverting (3-state) 
Preliminary Specification 


TYPICAL SUPPLY CURRENT 
TYPICAL yay TOTAL 
7anusea6e4s-1 | SOMHz | 


Tanseaeeas-1 | SOMHz | SAMA 


ORDERING INFORMATION 


TYPE 


COMMERCIAL RANGE 
V,.. = 5V£10%; T, = 0°C to +70°C 


Ci 


J4ALS646N, 74ALS646-1N, 74ALS648N, 74ALS648-1N 
F4ALS646D, 74ALS646-1D, 74ALS648D, 74ALS648-1D 


T4ALS(U.L.) | LOADVALUE 


DESCRIPTION HIGHILOW 


NOTE: 
One (1.0) ALS Unit Load is defined as: 20pA in the High state and 0.tmA in the Low state. 


LOGIC SYMBOL 
*‘ALS646/ALS646-1 


LOGIC SYMBOL(IEEE/IEC) 
"ALS646/ALS646-1 


asoeoeTrsswin 


Ae A A Aa Ay My Ag Ay 
is 


5, 5 0,8, 6, 0,8, 5, 


WO 18 1617 16 1S 14 19 


Vac = Pin 24 
GND = Pin 12 
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Preliminary Specification 


Transceivers/Registers 74ALS646,74ALS646-1,74ALS648,74ALS648-] 


PIN CONFIGURATION LOGIC SYMBOL 
‘ALS648/ALS648-1 "ALS648/ALS648-1 


48$ 67 enw 


MAA AAA AA, 
CPAs 


», 8, 7 &, a, , % ed 


Srrrrrrrret 
Sivivipisigivly! 2 ae i é 


The following examples demonstrate the 
four fundamental bus-management 
functions that can be performed with the 


‘ALS646/ALS646-1 and 'ALS648/ALS648-1. The DIR determines which bus will 
The select pins determine whether data is stored receive data when the GE pin is Low. 
Of transferred through the device in real time. 


SE on crap crea san een 
tH x K te X 
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Preliminary Specification 


Transceivers/Registers TAALS646,74ALS646-1 ,74ALS648 ,74ALS648-1 


FUNCTION TABLE 


OPERATING MODE 


Store A and B data Store A and B data 
Isolation, hold storage tsolation, hold storage 


Real time B data to A bus 
Stored B data to A bus 


Real time A data to B bus 
Store A data to B bus 

H= High voltage level 
L= Low voltage level : 
*. The data output functions may be enabled or disabled by various signals at the OF and DIR inputs. Data input functions are always 
enabled, i.e., data at the bus pins will be stored on every Low-to-High transition of the clock. 
T =Low-to-High clock transition 
X=Don't care 


LOGIC DIAGRAM 
‘ALS646/ALS646-1 *ALS648/ALS648-1 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Unless otherwise noted these limits are over the operating free-air temperature range.) 


0.5 to +7.0 


Current applied to output in Low output state (-1 version) pee Or ta 
Operating feear ompertie range 


T. Storage temperature 65 to +150 
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Transceivers/Registers 74A18646,74ALS646-1,74ALS648 ,74ALS648-1 


RECOMMENDED OPERATING CONDITIONS 


SYMBOL 


PARAMETER 


Yee | Seep 
iL 


V, Low-level input voltage 


| ene 
oe pee 
elon. | High-4evel output current 


atc 
Se 
[Tk | Oia rear anpeaeree PSE cd ae 


1. The 48 mA limi applies only under the condition of Vog5.0VE5%. 


DC ELECTRICAL CHARACTERISTICS (Over recommended Operating free-air temperature range unless otherwise noted.) 


TEST CONDITIONS' 


“4 


Input current at 
maximum 


input voltage 


5 |e 


Veg = MAX, V; = 0.4V 


° 
sare 


Voc = MAX.VQ = 2.25V ; 


Supply current 
(total) 


NOTES: ‘ 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at Vog # SVT, = 25°C. ; 

3. For VO ports, the parameters Ing |, inctude the off-state current. : 

4. The output conditions have been chosen te produce current that closely approximates one haif of the true short-circuit output current, Ing. 
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Transceivers/Registers _ 74ALS646,74ALS646-1 ,74ALS648 ,74ALS648-1 


AC ELECTRICAL CHARACTERISTICS for 'ALS646/ALS646-1 


Th 0°C to +70°C 

Vag = 5V t10% 
ce 

Ce S0pF 

R= 5000 


UNIT 


se | 


os 
#5 (% 
> wv 
3 
gg 
wo 
of 
> 


tou Propagation delay 
tout SBA to A, or SAB to B, (A or B Low) 
Propagation delay 
LH | SBA to A, or SAB to B, (A or B High) {Waveform 2, 3 re 
t Output Enable time Waveform 5 
PZH 
t Output Disable time Waveform 5 
Be | Bee Aero, Wwewiems | 2 | 
Output Enable time - Waveform 5 
- DIR to A, or B. Waveform 6 
toyz Output Disable time Waveform 5 
tor2 n OG. Waveform 6 


Ty 3 0°C to +70°C 


: V,.. = 5V 410% 
cc 
PARAMETER &, = 50pF 


R, = 5000 


Propagation delay 

A, 10 B, or B,, to A, 

Propagation delay ; 

SBA to A, or SAB to B, (A or B Low} Wavelorm 2, 3 


Propagation delay 
SBA to A, or SAB to B, (A of B High) Waveform 2, 3 


put Disable time 
to A, or 8, 


pu adie 
DIR to A, or B, 
Output Disable time 
DIR t A, or 8, 
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Transceivers/Registers 74ALS646,74ALS646-1,74ALS648,74ALS648-1 


AC SETUP REQUIREMENTS 


T, = 0°C to +70°C 
: Van = SV 10% 
SYMBOL PARAMETER T CONDITION %, = SOpF 
; R, = 5002 


,(H) Setup time, High or Low 
A, oF B, to CPAB or CPBA Wavetorm 4 
(H) Hold time, High or Low 
(9) Pulse width, High or Low 
q(t) CPAB or CPBA 


AC WAVEFORMS 


Anor 8, Vu Vy SBAOrSAB 
*PLH * pm: 
Bror Ay Vu Vis Yq An oF Bn 


Waveform 1. Propagation Delay, Clock input To Output, gation oo An — Bn to 


Waveform 2. Props: 
Clock Pulse Width, and Maximum Clock Frequency Bn of An and SBA or SAB to An or 


Ay or By Vu Vy SBAor SAB Anor 8, 
t pra: t 
CPBA 


By, or A, Vu Vu 


Waveform 3. Propagation Delay, An or Bn to 
Bn or An and SBA or SAB to An or Bn 


ez 


OE 
Vu 
V on-0.3V 


An or By, vu w Ano By, 


Waveform 5. 3-State Output Enable Time To High Waveform 6, 3-State Output Enable Time To Low 
Level And Output Disabie Time From High Level Level And Output Disable Time From Low Level 


NOTE: For ail waveforms, V,, = 1.3V. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 
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Transceivers/Registers 74ALS646,74ALS646-1,74ALS648,74ALS648- | 


TEST CIRCUIT AND WAVEFORMS 


Test Circult For 3-State and Open Collector Outputs 
SWITCH POSITION 


DEFINITIONS 

R, = Load resistor; see AC CHARACTERISTICS for vatue. 

C. = Load capacitance includes jig and probe capacitance; 
see AC CHARACTERISTICS for value. 

R, = Termination resistance should be equal to Z>, 77 of 
pulse generators. 


October 25, 1988 * 8-191 


FEATURES 


+ Independent registers for A and B 
buses 

+ Multiplexed real-time and stored 
data 

* Choice of non-inverting and 
inverting data paths 

+ 3-state outputs 

* The -1 version sinks 48mA lon 
within the +5% Voc range 


DESCRIPTION 


The 74ALS651 and 74ALS652 Transceiv- 
ers/ Registers consist of bus transceiver 
circuits with 3-state outputs , D-type flip- 
flops, and control circuitry arranged for 
muhiplexed transmission of data directly 
from the input bus or the internal registers. 
Data onthe A or B bus will clocked into the 
registers as the appropriate clock pin goes 
High. Output Enable (OEAB, OBA) and 
Select (SAB, SBA) pins are provided for 
bus management. The 74ALS651-1 and 
74ALS652-1 will sink 48mA if the Veg is 
limited to 5.0V40.25V. 


PIN CONFIGURATION 
‘ALS651/ALS651-1 


SBA 
OEBA 
* 
By 
& 
a 
& 
ws 
ws 
& 
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/4ALS651, 74ALS651-1 
74ALS652, 74ALS652-1 
Transceivers/Registers 


74ALS651/651-1 Octal Transceiver/Register, Inverting (3-state) 
74ALS652/652-1 Octal Transceiver/Register, Non-Inverting (3-state) 
Preliminary Specification 


TYPICAL SUPPLY CURRENT 
(TOTAL) 


74ALS651/651-1 SOMHz 48mA 
74ALS652/652-1 SOMHz 


ORDERING INFORMATION 
PACKAGES 


TYPICAL f yay 


COMMERCIAL RANGE 
= 5Vt10%; T, =0°C to +70°C 


A inputs 
A 
(eta 


Sil 
> 


> 
Qe s 
isl wo 
*lele 
gs 
g 
& 
@ 
| 5 
Ss 
Rl sls 
fo} 
S|} 8/8 
8] eo; 2 
| 
FS 
> 
3 
> 


OEAB 20nA0.2mA 


750/480 15mA/48mA 


Ay 8, Outputs (-1 version) 


One { 1.0) ALS Unit Load is defined as: 201A in the High state and 0.1mA in the Low state, 


LOGIC SYMBOL 
"ALS651/ALS651-1 


LOGIC SYMBOL(IEEE/EC) 
‘ALS651/ALS651-1 


4s 6 7 BS OO 


ANAM AA AA 


5, 8, a4, 8, 8,8, 8, 


@@ 19 18 17 16 18 1413 


Vog = Pin 24 
GND = Pin 12 
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Transceivers/Registers 74ALS651, 74ALS651-1, 74ALS652, 74ALS652-1 


PIN CONFIGURATION _ LOGIC SYMBOL LOGIC SYMBOL(IEEE/EC) 
‘ALS652/ALS652-1 


"ALS652/ALS652-1 "ALS6527ALS652-1 


Ba ALA AL Aa Ay Ag Ay 


20 18 18:17 168 15 14 13 


Ferrer PF FP 


The following examples demonstrate the four and ‘ALS652/ALS652-1. real time. 
fundamental bus-management functions that The select pins determine whether data is The output enable pins determine the direc- 
can be performed with the ‘ALS651/‘ALS651-1 stored or transferred through the device in _ tion of the data flow. 


REAL TIME 8US TRANSFER REAL TIME SUS TRANSFER STORAGE FROM TRANSFER STORED DATA 
BUS BTOBUSA BUS ATO BUSS &, B, GRA AND BS TOAORS 


VV” 


OEAS OEBA CPABCPRBA SAB SBA OEAB OEBA CPAB CPBA SAB SBA [oi OEAB OEBA CPAB CPBA SAB SRA 
bo ob xX xX KX 4 H H K xK kb X HL Hert Hel HH 
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Transceivers/Registers 74ALS651, 74ALS651-1, 74ALS652, 74ALS652-1 


FUNCTION TABLE 
OPERATING MODE 
*ALS651/ALS651-1 "ALS652/ALS652-1 -~ 


Isolation 
Store A and B data 


Store A, Hold B Store A, Hold B 
Store A in both registers Store A in both registers 


Hold A, Store B Hold A, Store B 


Store B in both registers Store B in both registers 
X o-L Real time B data to A bus Real time B data to A bus 
xX oH Stored B data to A bus Stored B data to A bus 
t x Real time A data to B bus 
H X Store A data to B bus 


Stored A data to B bus 
Stored B data to A bus 


H= High voltage fevel 

L= Low voltage level 

*« The data output function may be enabled or disabled by various signals at the OEBA and OEAB inputs. Data input functions are always 

enabled, ie., data at the bus pins will be stored on every Low-to-High transition of the clock. 

T zLow-to-High clock transition 

X=aDon't care 

** (f Select control = L, then clocks can occur simultaneously. It Select control = H, the clocks must be staggered in order to load both 
fragisters. 


LOGIC DIAGRAM 


‘ALS651/ALS651-1 “ALS652/'‘ALS652-1 


ABSOLUTE MAXIMUM RATINGS (Operation beyond the limits set forth in this table may impair the useful life of the device. 
Uniess otherwise noted these limits are over the operating free-air temperature range.) 


SYMBOL . PARAMETER | RATING —| 


Ving Input voltage 05 to +7.0 ae we 


v 

v 

ara {nput current mA 
Vv 

mA 

Current applied to output in Low output state (-1 version) mA 

°C 

°C 


Vout Voltage applied to output in High output state 0.5 to Voc 
Sour Current applied to output in Low output state (All versions) 


Operating fe-a impor rang [eee 


Tete Storage temperature -65 to +150 
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Transceivers/Registers 74ALS651, 74ALS651-1, 74ALS652, 74ALS652-1 


RECOMMENDED OPERATING CONDITIONS 


Supply voltage 
High-level input voltage 
Low-level input voltage 


Input clamp current 


Ty, Operating free-air temperature range 


1. The 48 mA limit applies only under the condition of Vog5.0V25%. 


OC ELECTRICAL CHARACTERISTICS (Over recommendad operating free-air temperature range unless otherwise noted.) 


High-level output voltage 


ee 
|= verion_| 


Input current at ontro Voc * MAX, V, = 7.0V 
maximum 
input voltage or B ports Vec = MAX, v = 5.5V 
High-level input current? Vog = MAX, V, = 2.7V 
Low-level input current® Voo = MAX, V, = 0.4V 
Yogrwbto= a 


‘ALS651 
‘ALS651-1 


Vou. 
Vik 


0.73 


NOTES: 

1. For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions for the applicable type. 
2. All typical values are at V7~. = SV, T, = 25°C. 

3. For VO ports, the parameters i,,, Jp, Include the off-state current. 

4. The output conditions have been chosen to produce current that closely approximates one haf of the true short-circuit output current, los- 
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Transceivers/Registers 74ALS651, 74ALS651-1, 74ALS652, 74ALS652-1 


AC ELECTRICAL CHARACTERISTICS for "ALS651/ALS651-1 


SYMBOL! PARAMETER TEST CONDITION 


— 
t. Propagation delay 
GPBA or CPAB 10 B, or A, alae 


Ty = 0°C to +70°C 
Voc = 5V 410% 


Waveform 8 
Waveform 9 
Waveform & 
Wavetorm 9 


ty 20°C to +70°C 
Voc = 5V+10% 
Cc. = 50pF 
R, = 500Q 


Waveform 8 ‘i 
Waveform 9 
laveform 8 
Waveform 9 
Wavetorm & 
Waveform 9 
Waveform 8 
Waveform 9 _ 
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Transceivers/Registers 74ALS651, 74ALS651-1, 74ALS652, 74ALS652-1 


AC SETUP REQUIREMENTS 


Ty = 0°C to 470°C 
Yoo = 5V 410% 
SYMBOL PARAMETER 
‘0 


t,(H) Setup time, High or Low 
1,(L) A, or 8, to CPAB or CPBA 


t(H) Hold time, High or Low 
(L) A, or B. to CPAB or CPBA 
t(H) Setup time, High or Low ' 
OEBA to OEAB or OFAB to OEBA | Waveform 6,7 
(H) Hold tme, High or Low 
ih OEBA to OFAB or OEAB to OEBA | Wavelorm 6,7 


VA) Pulse width, High or Low 
cl) CPAB or CPBA 


Note : 1. Setup time is to protect against current surge caused by enabling 16 outputs (24mA per output) simultaneously. 


AC WAVEFORMS 


Wavetorm 1. Propagation Delsy, Clock input Te 
Output, Clock Pulse Width, po Meximum Clook 
Frequency 


rn ta 
Ay or By 


Sher A, Vu Ve 


Waveform 3. Propagation Deley, An or Bn to 
Bn or An and SBA or SAB to An or Bn 


ty) 


ORAB 
Wavelorm 8. OEBA to OEAB Setup And Hold Times 


Wavelorm 8. 3-State Output Enable Time To 
Level And Output Dieedie Tine From High Level 


NOTE: For all waveforms, V, = 1.3V. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 


October 12, 1988 5-197 


Preliminary Specification 


Transceivers/Registers 74ALS651, 74ALS651-1, 74ALS652, 74ALS652-1 


TEST CIRCUIT AND WAVEFORMS 


Test Circuit For 3-State and Open Collector Outputs 


SWITCH POSITION 


Input Pulse Definition 


INPUT PULSE REQUIREMENTS 
Fo ala mete aCe pea eas ate | Row-Rato| tw [tn | oe | 
Tn MAC CNARACTERGTICS orwue, nn LAS | 36 | 1MHe | soone/ ar 20m | 
see AC CHARACTERISTICS for value. 


R, = Termination resistance should be equal to Zour of 
pulse generators. 
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AN203 Test Fixtures for High-Speed Logic 


INTRODUCTION 

The Signetics Standard Products Division 
(SPD) operates a Characterization Laboratory 
in Orem, Utah. This Lab maintains the capa- 
bility of testing the 11 logic product families 
the Division supports. These include: AuTTL- 
74XXX, Schottky-74SXXX, Low-Power 
Schottky-74LSXXX, FAST-74FXXX, ALS- 
74ALSXXX, High-Speed CMOS-74HCXXX, 
High-Speed CMOS/TTL-74HCTXXX, Ad- 
vanced EMOS/TTL (ACL)-74ACT11XXX, Ad- 
vanced CMOS (ACL)-74AC11XXX, and both 
10K and:100K ECL. 


Due to the great diversity of product families 
and the different testing requirements and 
complexity of the product types of each 
family, Signetics SPD Characterization has 
designed and built a bench test AC fixture 
that is specifically designed to address to only 
the High-speed fogic families. It has the 
advantages of being very versatile, has high 
bandwidth capability (2 750MHz), is 502 
system compatible, and is manually program- 
mable for the input static voltages. This 
provides the ability to have one fixture that 
addresses many product types across fami- 
lies. The extent of this versatility is explained 
in the following Application Note. The families 
that this fixture is intended to support are: 
FAST, ALS, ACL, 10K ECL, and 100K ECL 
(Note: This fixture is compatible with any 
5002 pulldown load.) »". 


THEORY OF OPERATION 

There ‘are several key points in testing the 

faster edge-rate logic families. They are: 

®@ Very good bypassing and jdecoupling 
(they are different). - / 

© Large ground and Vcc planes | 

© Low-impedance signal lines (i.e, 5092) 

© Signal lines that are uniform in 
impedance over frequency 

© Signal lines must have high bandwidth 
( > 500MHz) 

® Low-inductance paths for the DUT 
leads, including Vcc and GND 

© Output AC load close td the DUT 
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Test Fixtures for High-Speed 


Logic 


Application Note 


UNDERSIDE VIEW OF SIGNETICS PCB FIXTURE 


FERRITE CORE PLACEMENT 


Figure 1. Ferrite Core Placement 


@ Measurement point close to the DUT 
@ Avoidance of ground loops (especially 
on inputs at DC levels) 


Additional items of concern to the test engi- 

neer and the manager are: 

© Versatility and/or ease of use (there are 
trade-offs) 

®@ Cost 

@ The number of fixtures needed to 
support products 


Each of these concerns have merit and must 
be understood by the user of these logic 
families if valid and correlatable results are to 
be found. 


Vec and GND 

The secret in Vcc and GND use in fixturing is 
to do the things that reduce the noise that 
can: 1) get to your part, and 2) come from 
your part. This is done by reducing the noise 
of the Vcoo as it arrives to the fixture, by 
judicious application of frequency dependant 
bypassing at the DUT Vcc pin to GND and 


‘reducing inductance from the Vcc and GND 


pins of the DUT to the point where good 
contact of the bypassing and Vcc and GND 
planes occur. All of these are techniques 
used in good RF and microwave board de- 
sign. By reducing parasitic inductances and 
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cleaning up any sources of noise, good signal 
integrity is better maintained. 


These points are evident in the fixturc 


Signetics has designed. Part of the noise 
reduction of the power supply as It arrives is 
done by bypassing the power supply at its 
terminals. The power is then brought to the 
fixture via banana cables, (as short as possi- 
ble), to jacks on the chassis of the fixture. An 
18 gauge wire, attached to the jack, is 
wrapped through a 9% inch ferrite core 8 to 12 
times for decoupling of any spikes. (Details of 
the cores used are included in the parts list.) 
This acts as a Low-pass filter. The wire is 
then soldered to the bottom of the PC board 
onto the large Vcc plane that narrows to the 
Vcc bus running between the pins of the 
DUT. See Figures 1 and 2 for detail. 


Triangle-shaped, the Vcc plane provides a 
Low inductive path for the Voc to the DUT 
pin. See Figure 2 for the board layouts. The 
Voc bus from. this. plane travels down be- 
tween the DUT pins to that connection. This 
is so connection to the Vcc bus is easy and 
very short. The DUT may have Voc focated 
on any pin with this configuration. The pin is 
connected to the Voc bus by soldering small 
copper braid or similar Low-inductance wire 
capable of carrying the current for the device, 
see Figure 3. 


Te 
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Figure 2a. Board Layout - Top Side 
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Figure 2b. Board Layout - Bottom Side 
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On the opposite side of the top. layer of the 
board: is:.a triangle-shaped ground plane. 
Ground planes are also located on the bot- 
tom layér of the board in the same places as 
the Voc and ground planes of the top layer. 
Since this fixture is laid out for 502. stripline, 
layers 2 and 3 are almost total ground plane, 
with holes in them for feed-throughs and 
components. Also found between the signal 
lines, on the top and bottom layers, are 
ground plane ''fingers" that are connected to 
all 4 layers by plated-through holes. This 
provides good separation of the signal lines 
reagulting in lower crosstalk. 

The bottom layer ground plane consists of 
two triangle-shaped planes connected by a 
bus strip that runs between the DUT pins. 
This was done for 3 reasons: First, this allows 
connection of any ground pin of the DUT to 
the ground, regardless of location; like the 
Voce cannection on the top layer. Second, it 
allows ‘the connection of the bypass capaci- 
tors from the Voc pin to the ground with the 
shortest possible lead length. Characteriza- 
tion uses typically 2 or 3 ceramic chip capaci- 
tors and 1 or 2 dipped tantalum capacitors 
(85V) to bypass the Voc pin. It is important to 
keep the dipped tantalum capacitor's leads 
as short.as possible to reduce series induc- 
tance. The recommended values of capaci- 
tors are: 100pf, .O1uf, .tuf. and 10uf. We 
have found at times, the need to adjust these 
values depending upon the product type and 
its performance. Some noise sensitive circuits 
need more bypassing in the lower and ex- 
treme higher values of capacitance. And 
third, the connection of the two planes elimi- 
nates possible ground loops and the feed- 
throughs create a ground mesh and give an 
excelent ground plane for the circuit. Figure 3 
illustrates the bypass connections. 


BYPASS AND DECOUPLING 
It is important to understand the difference 


between decoupling, as with the ferrite core, - 


and bypassing, as with capacitors. Decou- 
pling occurs as of trigh-frequency signals are 
removed by saturation of the ferrite core. This 
prevents ''noise’’ that may be on the Vcc 
power supply from getting on the Vcc plane. 
The action of the bypassing capacitors is to: 
1) pass’' any non-DC signals that occur on 
the Voc (due to the part's operation) to 
ground, and 2) be able to provide the ‘'instan- 
taneous" current demands of the part as it 
switches. 


The various values of capacitors are intended 
to provide a Low-impedance path at all oper- 
ating frequencies. Since real-world capacitors 
have resonance points at a given frequency, 
depending upon their value and type of ca- 
pacitor (and actually turn inductive above the 
resonance point), using different values that 
have different resonance points allows an 
across-frequency Low-impedance path for 
Voc noise. 


An important point in the use of bypass 
capacitors is the minimization of lead length. 
Lead length represents inductance; induc- 
tance in series with the capacitance. If it is 
too much, it can cause resonance and oscilla- 
tion problems with the part and/or power 
supplies and nullify the benefit of the capaci- 
tors. It also plays a major part in inhibiting the 
effect of the "instantaneous current re- 
sponse needed by the part from the bypass 
capacitors. It actually can cause the ground 
of the device to track the change in current to 
the degree of the lead inductance. The lower 
the inductance, the lower the ''ground 
bounce’ effect. Hence, short or no lead 
lengths on capacitors are needed to heip 
prevent the effects of ground bounce. 


SIGNAL LINES 

A signal line is defined as a line that carries 
the input stimulus, either OC or AC, or output 
response, to or from the device. Since these 


Figure 3. Decoupling Connections 
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signals are measured and determine the data 
which characterizes the part, it is critical that 
they are of the highest integrity and repre- 
gent, as far as physically possible, the action 
of the part; not the nuances of the fixture. To 
achieve this, the line must not be able to 
change the signa! over the measureable fre- 
quencies of the device, rior affect the delay of 
the part. 


The fixture as:designed, has 5022 signal lines 
determined by a'stripline layout method. The 
50Q value was selected for several reasons: 
1) the 502 vatue matches impedance with 
the pulse generators that are used as input 
stimulus. 2) The output toads specified for this 
fixture are either a 5002 pulldown or a 502 
pulldown (ECL), in parallel with a capacitive 
load. This allows the 50Q signal line to be 
terminated into this load for either a 10:1 or a 
1:1 match. 3) A Low-impedance line will have 
better characteristics with regards to. cross- 
talk and resisting. external noise. 


There are two types of signal lines on this 
fixture: input and output; both of which are 
502 transmission lines. The input line is on 
the top side of the board and is. always 
terminated in 5092. It is connected to the DUT 
via a .3” jumper, Jumper #1 for input. When 
this jumper is installed, the DUT pin is avail- 
able only as an input. To allow this line to be 
used as an output, a .1” jumper, Jumper #1 
for output, is used instead of the .3” jumper. 
This connects the DUT pin to the AC load 
when the DUP pin is an output. See Figure 5. 


The output signal line can be dedicated two 
different ways. The first method, used for 
ECL, is to leave shorted the 502 trace and 
have it run directly into. the SMB connector 
into the 502 sampling system. The second 
method is to cut the trace at the DUT pin and 
solder the 45022 chip resistor, R1, across the 
cut. This, combined with the 502 scope, then 
appears to the part as either a’ 5002 probe 
for the input signal or the 50092 output AC 
load for the output signal. 


The signal lines are equal length and. there- 
fore do not introduce any extraneous delay 
from pin to pin. We also characterized the 
impedance of the lines over frequency to 
ensure minimal distortion over the frequency 
range and any effective change in propaga- 
tion delay caused by the relationship of induc- 
tance and group delay. Figure 4 illustrates the 
frequency response of the signal lines in 
impedance. 


This is considered to be high bandwith and 
encompasses the frequency range exhibited 
by ALS, ACL, ELC, and FAST logic families. 
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Figure 4. Signal Line Frequency Response 


Figure 5. Signetics PCB Fixture Schemetic 


LOADING 

The explanation of the two types of AC loads 
that may be used will be covered in two parts. 
First the ALS, ACL, and FAST implementation 
will be discussed, then the ECL implementa- 
tion. 

ALS. ACL, and FAST implementation 
The FAST, ALS, and ACL product families AC 
load is specified as a 50pF capacitor and a 
5002 resistor in parallel. This load has the 
advantage of being adaptable to both a High- 
impedance (A.T.E.) or a Low-impedance 
(bench) measurement environment. The 
Signetics fixture uses a Low-impedance envi- 
ronment primarily for two reasons. The first 
reason is that experience of the last 5 years 
has told us that High-impedance probes rep- 
resent a reliability concen and can introduce 
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hard to detect errors into the waveform. The 
second reason being that most suppiiers of 
these technologies provide data based upon 
the Low-impedance approach and most large 
users of these products do so as weil. This 
also allows the fixture to be used for ECL 
testing since that product uses a totally 502 
environment. Figure 5 illustrates how this test 
fixture implements the 50pF/5002 ioad sche- 
matically. 

The fixture was laid out to present the load as 
close as possible to the device, and yet allow 
for flexibility in deciding if a certain pin is an 
output or an input. This distance is critical due 
to its inductive effect upon ground bounce 
phenomena. it is acknowledged here that a 
fixture dedicated to a single device type 
without jumpers, and therefore placing the 


toad virtually on the pin of the device, would 
show the ground bounce phenomena for 
Simultaneous switching to be less than that of 
this fixture. However, this fixture can be so 
dedicated by not using the pads as provided, 
but rather by using the ground bus, like the 
bypass capacitors used. The flexibility of this 
fixture substantially reduces the cost of fixtur- 
ing for these families. Studies on simuita- 
neous switching with this fixture have shown 
dramatically favorable results to previous fix- 
tures. Those studies continue. For work other 
than that of simuftaneous switching, there will 
be no appreciable difference with a dedicated 
fixture. 


As illustrated in Figure 5, the load is shared 
with the 502 input of the measurement 
system; a 502 sampling oscilloscope. The 
4502 resistor: R1, is soldered to the socket 
pin of the device and is in series with the 50Q 
input of the scope. Figure 6 illustrates this on 
the board layout of one input/output pin. This 
allows virtually a probe tip on the device pin. 
The load capacitor: C1, is a 33pF ceramic 
chip capacitor. This is added to the measured 
value of 17pF of board capacitance, achiev- 
ing the 50pF value specified for the load. The 
distance from the pin to the capacitor is .5 
inches and is adequate for the testing of 
these product families. 


For testing 3-State parameters, the 5002 
resistor: R2, is connected to it's pullup supply. 
V; via a .3” jumper: Jumper #2. The V; supply 
is bussed to each pin and may or may not be 
connected with that jumper. See Figures 5 
and 6. 


ECL Implementation 

When testing ECL product, the 4502 resistor: 
R1, is not used, Rather, this point is left 
shorted together in the construction process. 
Also for ECL, the load chip capacitor: C1, the 
tri-state pull-up resistor: R2, the 50Q termina- 
tor: R3, and the "output only"’ jumper: Jump- 
er #1, are not used. The input signal travels 
down the input path, is jumpered using the 
“input only" (Jumper #1), goes to the de- 
vice, travels out the output path (left shorted, 
no R1), and proceeds to the scope. When the 
signal is an output, the “input only" jumper: 
Jumper #1, is removed and a 502 termina- 
tor is connected to the SMB connector as the 
load or the 5022 input of the scope. See 
Figure 7. 
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Figure 7. ECL Configuration 
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INPUT STIMULUS AND 


MEASUREMENT 

When the input is not used for a signal input, 
the line may be switched to one of three 
voltage sources: V, 1 through V, 3, by the use 
of a DIP switch on each pin. It may also be 
left open and then the 502 pulldown resistor: 
R1, pulls the line to ground and can be used 
as a hard low level. See Figure 5. These 
voltage levels are brought in from external 
supplies through banana connectors like Voc. 
This scheme eliminates excessive cabling to 
each input to provide the static input levels 
and thereby reduces parasitic inductances 
and cross-talk. Each of the 3 busses and the 
V, bus all have places for bypass capacitors 
in the event of noise on the static levels. 
Figure 8 illustrates the DIP switch and SMB 
connectors and how they contro! the input 
stimulus and output measurement. 


As stated previously, the measurements are 
made with 502 sampling systems, The con- 
nections to these systems are made via SMB 
connectors. This was chosen since it is com- 
patible with SMC; it is push-on, it is small for 
easy configuration, and it is capable of high 
bandwidth operation. Figure 8 illustrates 
where the connections are made, where the 
pulse generators connect to the input and an 
SMB connector. Since the 4502 resistor: R1, 
is soldered directly to the pin of the device, 
the actual probe tip is at that point. See 
Figure 6. This has the advantage of eliminat- 
ing any distance from the device to the probe 
tip, thus guaranteeing accurate results. 


VERSATILITY AND COST 

At some point, there is a choice between the 
most technically attractive options and the 
cost of options. This fixture has been primarily 
designed to optimize the cost effectiveness 
of test fixturing yet yielding a technically 
sound tool. To do this, a compromise has 
been made between the ease of use and the 
versatility. 


(n the construction of the fixture, a choice is 
made as to where the Voc and GND pins are 
to be located. This then dedicates this partic- 
ular fixture to part types with this Voc and 
GND configurations. This is alos done with a 


December 1988 


dedicated fixture. However, on a dedicated 
fixture, the pins are individually constructed to 
be either an input or an output, and in so 
doing, the fixture is usable for 1-to-4 devices. 
The Signetics fixture, once dedicated to a 
particular Voc and GND configuration, is built 
up to have both input and output components 
on all signal pins. The selection of which pin 
is an output or an input is made by inserting 
the appropriate jumper, See Figures 5 and 6. 
The same applies in doing tri-state testing. 
The tradeoff here is that it would probably 
take less time to setup the dedicated fixture 
than the Signetics fixture. To help compen- 
sate for that tradeoff, we have the three Vs 
supplies that may be switched into any pin to 
Provide input static fevels and eliminate the 
need to bus input High or Low levels by 
external cabling. For the user that means the 
only connections being made to the fixture 
are: 


® the Voc (banana jack) 

@ the GND (banana jack): this is the 
common ground of .ail.input supplies. 

@ the Vs 1, Vs 2, and Vs 3 supplies 
(banana jack): these may be any 
voltage and are switchable. Signetics 
connects programmable supplies to 
these connectors. 

@ the V; supply (banana jack): this is the 

3-State pullup voltage and is 

permanently connected to the bus to 
each pin. It is selectable by Jumper 

#2, see Figures 5 and 6. For FAST 

and ALS products this is 7V. For ACL 

products this is Voc X 2 and it is not 
used for ECL applications. 

Input Stimulus (inside SMB connector: 

this is found on every input/output pin. 

More than one pin may be used in this 

manner. CAUTION: When using this 

connector as an input stimulus, make 
sure Vs_1, Vs_2, Vs-3 are 
disconnected. This will short the power 

Supplies to the generator if they are not 

disconnected. 

© Output Measurement or Scope 
Connection (outside SMB connector: this 
is also found on every input/output pin. 


6-9 


More than one pin may be used in this 
manner. Remember, if this pin is not 
connected to a scope and is an output, 
a 502 resistor must be connected here 
to ground to complete the 502 resistive 
load. Signetics has constructed 502 
load by soldering a high-quality (High- 
frequency) 5022 resistor inside a female 
SMB cable connector. See Figure 9. 


CAUTION: Vs, Vs_2, and Vs ..9 are all on 
the same DIP switch. Since they connect to 


the same bus per pin, ONLY ONE SUPPLY 
MAY BE CONNECTED AT ONE TIME, Oth- 


erwise, this will_resuit_in_a_short_between 
power supplies connected. 


With these 6 connections, the fixture is capa- 
ble of testing the product lines as mentioned. 


The cost of this fixture ranges from 550 per 
fixture, dedicated to a 20-pin device in quanti- 
ties of 1-10, to as iow as 385 per fixture of 
the same type in quantities over 100. This is* 
not substantially higher than the cost of a 
dedicated fixture; which is estimated at 200 ~ 

500. The factor to consider would be. the 
quantity of fixtures for the number of products 
to be tested. To have a dedicated fixture for 
every 2-3 product types versus a “univer- 
sal" test fixture for 20-30 product types is 
worth considering from a cost standpoint. 


Included in Appendix 1 is the parts fist for this 
fixture and the supplies used by Signetics. 
This in no way constitutes Signetics endorse- 
ments of these suppliers and the customer 
may select their own supplier if they so 
desire. This fixture is offerd to the public to 
duplicate and use within their own environ- 
ments. Signetics will not provide any mate- 
tials but will allow the manufacturers of the 
board and materials to build and/or supply for 
any requesting party. Pricing and availability 
are left to the vendors and Signetics has no 
control over those issues. The intent is to 
provide something for users of high-speed 
logic that has been proven and tested in a 
true high-speed use, and provide a character- 
ization of these products prior to their intro- 
duction to the market place. 
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Figure 8. DiP Switch Connections for Vg.1, Vs-2, Vs-3, and Vy and the SMB Connectors for Input Signals and Output 
Measurement ‘ 


Figure 9, 502 Load Resistors Using Output Pin SMB Cable Connectors 
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5. APPENDIX | - Component and Vendor List 
The following prices are quoted for a 30 piece build of a 24 pin test fixture and are not binding in any way. 


1. Printed circuit mother board. 


SO and SOL -#SD8512.28 

DIP -#$0D8512.31 

Requirement: 1 per part configuration 

Supplier: Prototype and Production Circuits 
8040 S. 1444 W. 
West Jordan, UT 84084 
(801) 566-5431 

2. SO and SOL sockets. 

#_PINS PART_# 

14 001-014 

16 001-016 

16L 001-116 

20 001-120 

24 001-124 
001-128 


28 
SOIC through hole socket 
Requirement: 1 per board 


Supplier. Surface Mount Devices, Inc. 
PO Box 16818 
Stamford, CT. 06903 
{203) 322-8290 


3. L$G-1AG14-1 Socket Terminal! Pins. 
For DIP boards - number of pins equal to the part pin count times by (7) seven. 
24 X 7 = 160 X .20= 
For SO and SOL boards - number of pins equal to the part pins count times by (5) five. 
24 X 5=120 X .20= 


4. Shorting Blocks (Jumpers). 


3 inch 8136-47561 Requirement: 7 per pin 
cost per part X 24 = 

1 inch §8136-651P2 Requirement: 1 per pin 
cost per part X 24 = 

Supplier: Augat 

5. Chip Resistors. 

500 1% CROW 1210 Requirement: 1 per pin 
cost per part X 24 = ae 

4502 1% CRCW 1206 Requirement: 1 per pin 
cost per part X 24 = 

5002 1% CROW 1206 Requirement: 1 per pin 


cost per part X 24 = 


Supplier: Dale Electronics, Inc. 
2300 Riverside Blvd. 
Norfolk, Nebraska 66701 
(402) 371-0080 
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6. Chip Capacitors. 

Ceramic Part_# 
33pf S00R15N330UP 

cost per part X 24 = 
15pf 500R15N150UP4 

cost per part X 1 = 
.015uf 500$41W103KP4 

cost per part X 1= 
-Tyf 500$41W104KP4 

cost per part x 1 = 


Supplier: : Johanson Dielectrics 


7. Dipped Tantalum. 
Ceramic 
1Ouf 106kO25NLF 


cost per part X 1= 
A7yuf 476KO2Z0WLG 


cost per part x 1 = 
Supplier: Mallory 
8. Ferrite Core, 
T80-1 
cost per part X 1 = 


Supplier: Amidon Associates 
12033 Otsego Street 


Requirement 
1 per board 


1 per board 


Requirement: 1 per board 


North Hollywood, CA 91607 


(818) 760-4429 
9. Mounting Screw. 


4-40 X 1/4 Phillips pan head machine screw Requirement: 16 per board, 


cost per part x 16 = 


Supplier: Bonneville Industry Supply Co. 


45 So. 1500 W. 
Orem, Utah 
(801) 225-7770 


10. Bannana Plug Jack. 


H.H._Smith_Type  Order_# Requirement 

White 1509-101 28F1178 6/board-color your choice 
Red 1509-102 35F870 6/board-color your choice 
Black 1509-103  35F869 6/board-color your choice 
Green 1509-104 28F 1179 6/board-color your choice 
Blue 1509-105  28F1180 6/board-color your choice 
Yellow 1509-107 28F 1182 6/board-color your choice 


cost per part X 6 = 


Supplier: Newark Electronics 
11. Switch. 
76P$B04 4-bit side actuated piano-dip 
cost per part X 24 = 
Supplier: Grayhill Co. 
12. Connectors - Snap-on SMB. 
51-051-0000-220 - Straight jack receptacle 
cost per part X 48 = 


Supplier: Sealectro 
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Requirement: 1 per pin 


Requirement: 2 per pin 
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13, Mounting frame. 
Signetic's number CB-1.0 Requirement: 1 per test fixture 


Supplier: Electronic Chassis Corp. 
488 North 1200 West 
Lindon, Utah 84062 
(801) 785-9113 


14. Hookup wire. 
No. 18/20 gauge Teflon coated — about 24 inches per test fixture. 


The following components may be needed in use of the test fixtures but are not part of the test fixtures. 


61-001-0000-89 50Q. terminator plug As required or hand built with 
5022 resistor and 51-007-0000 

51-007-0000 Straight Cable Clamp Type As required 

51-083-0000-222 "T" adaptor J-J-J 3 As required 

51-085-0000 "T" adaptor J-P-J : As required 

51-072-0000 Adaptor J-J As required 

51-073-0000 Adaptor P-P As required 

51-001-0020 Shorting plug As required 

61-002-0000-89 502 terminator jack As required 

Supplier: Sealectro Corp 


(415) 985-1212 
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6. APPENDIX !!-Construction Hints 


A suggested order of assembly is as follows: 


- Cut traces for 4502 resistor. (Not needed for ECL) 

. Install SMB Connectors. Elevate ‘base from board .05". 

. Install DIP Switches. Note: Numbers on Switches may not correlate to Vs supply numbers. 
Install Augat socket pin. 

. Install load/termination resistors and capacitors. 

Strap Vcc and GND pins to appropriate bus strips. 

. Install bypass capacitors. 

. Clean flux off of board and components. 

. Check for lead to frame shorts on PLCC board. (Not discussed in App Note.) 

10. Install banana jacks on frame. 

11. Attach board to frame with 1/4 Phillips pan head machine screws. 

12, Wrap wire 8-12 times around ferrite core. Leave enough wire to connect to frame and board. See Figure 1. 
13. Connect Voc, GND, and voltage supplies from banana jacks to board. 

14. Remove all remaining flux. Keep “flux-off' from banana jacks. 


WONDAAAWON « 


Hints on construction: 

—A .05" shim that fits under the SMB connector base helps elevate it during construction. 
— Mount the SMB connector with flat side out rather that point side out. See Figure 8. 

— Solder Augat socket pins in with a Part inserted to hold the pins steady. 


— "Piano DIP" switches have the numbers reversed from the Board notation. Taping a new number on the board designations will 
help match the switches. 


— Hint for solder chip components: apply a small amount of solder on one side of the pads on the board. 


— Keep DIP switches and SMB connectors Spaced as far away from each other as the holes will permit, ie., push the SMBs in and 
the DIP switches out. 
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INTRODUCTION 

Economic survival is driving the electronics 
industry to use cheaper, faster, more reliable 
and more dense systems and components. 
Assembly technologies, such as SMD (Sur- 
face Mounted Device) technology, developed 
and used in hybrids and for military electron- 
ics for over two decades, is being adapted to 
commercial electronics as part of this evolu- 
tion. With SMD technology, components are 
soldered directly to a metalized footprint on 
the surface of the board or substrate rather 
than being inserted through holes drilled in 
the board and then soldered. Because of this 
evolution, package styles specially designed 
to facilitate surface mounting are now in high 
demand. 


The reasons for the change to SMD technolo- 
gy vary from one customer to another; but the 
primary motivator is higher profits through 
lower manufacturing and material costs, an 
improved product, or both. 


Improved Electrical 

Performance 

Because SMD packages are much smaller 
than their DIP counterparts, they have much 
less capacitance and inductance, and provide 
improved AC performance, especially in high- 
speed environments. They help to minimize 
problems associated with ground bounce and 
multiple output switching found with standard 
DIP packages. The SO package is especially 
suitable for high-speed families such as FAST 
and High-Speed CMOS where package in- 
ductance can induce or compound problems 
not normally found in slower technologies. 


Ease Of Automation 

SMD pick-and-place machines offer higher 
yields, faster cycle rates (3 ~ 10x taster), and 
much higher throughput volumes than auto- 
matic insertion machines for DIP packages. 


Greatly Increased Densities 
Greatly increased densities can be achieved 
through surface mounting. The packages 
themselves are much smaller (as much as 
70%) and can be placed much closer togeth- 
er. Furthermore, both sides of the board can 
be used with SMDs. 


Reduced Board Costs 

The number of layers, total size of the board, 
and the number of plated through holes can 
be reduced, thus lowering the total cost of the 
board (many companies claim savings of 30 
to 50%). 
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Easier Board Rework 

In those instances where rework is neces- 
sary, it is much faster and cheaper with 
SMDs. 


Improved Reliability 

Not only are the components proving to be at 
least as reliable as their DIP counterparts, 
surface mounted assemblies show fewer fail- 
ures in stress tests than equivalent through 
hole assemblies. 


Lower Shipping, Storage And 
Handling Costs 

SMD components are up to 70% smaller and 
weigh up to 90% less than DiPs (up to 95% 
savings in storage area for Tape & Reel SMD 
components vs DiPs and up to 90% savings 
in component weight). Surface mount assem- 
blies offer additional savings in both weight 
and space, both of which can be linked to 
increased profits. 


SMD packages for integrated circuits fall into 
two categories: Swiss Outline, also known as 
Small Outline (SO), and the Plastic Leaded 
Chip Carrier (PLCC). 


SO PACKAGE 

Tne SO package was developed by N.V. 
Philips Corp, originally for the Swiss watch 
industry. In the mid 1970s Signetics intro- 
duced linear [Cs in SO packages to the US 
market (hybrid and telecommunications). As 
demand grew, other technologies such as 
FAST, Low Power Schottky, Schottky, TTL, 
CMOS, High-Speed CMOS (HC and HCT), 
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ECL, ROMs, RAMs, PROMs, were made 
available in SO packages. 


The SO is a dual-in-line plastic package with 
jeads spaced 0.050" apart and bent down 
and out in a Gull-Wing format. It comes in two 
widths: 0.150" SO, and 0.300" SOL (SO- 
Large) depending on the pin count. 


As iCs became more complex and the num- 
ber of pins grew, the standard dual-in-line 
packages grew longer and wider, presenting 
new electrical and mechanical problems. 
Some of these were resolved with the intro- 
duction of the ceramic leadiess chip carrier 
(LCC). These were square, ceramic packages 
without leads which can be socketed or 
soldered directly to a substrate if the thermal 
coetficient of expansion of the chip carrier 
and the substrate are to be matched. 


In 1980, the Plastic Leaded Chip Carrier 
(PLCC) was introduced as a cheaper alterna- 
tive to the LCC. However, this was at the 
same time that SMD was winning acceptance 
in commercial electronics and the PLCC was 
seen as an ideal SMD package for the higher 
pin count devices (those with more than 28 
leads). The PLCC is a square, plastic pack- 
age with leads on four sides, spaced down 
and under in a J-Bend configuration. It is 
available in the higher pin counts: 20, 28, 44, 
52, 68, 84 with even higher pin counts under 
development. 


The smaliest square PLCC is the 20-pin 
package. There are many reasons for this; 
the primary one is that below 20 pins, the 
package would be as thick as it is square, 
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Table 2. Maximum thermal 
Resistance (8),) Values For SMD 
Packages (°CC/W) 


PINS 


resulting in a cube-like package which would 
be very difficult to handle in an automated 


environment. 


Logic and linear devices are available in SO 
while the more complex parts such as micro- 
Processors, microcontrollers, complex periph- 
erals, large memory devices, and other higher 
pin count integrated circuits will be found in 
the PLCC. 


ASSEMBLY 

The assembly of these SMD packages is 
virtually the same as for the older DIP Ppack- 
ages using the same materials and most of 
the same equipment and assembly technolo- 
gies. ; , 

The only differences in the process are the 
smaller lead frames, different lead bends 
(gull-wing for SO and J-Bend for the PLCC), 
and closer spacing resulting in a much 
smaller package for the same basic die. 


RELIABILITY 


Reliability studies of SMD components, con- 
ducted not only by Signetics and Philips, but 
by many of our competitors and customers, 
have revealed that these packages are at 
least as reliable as the standard plastic DIP 
Packages that have been used over the past 
20 years. In several cases, test results of the 
SMD packages have been better than their 
DIP counterparts. 


THERMAL CHARACTERISTICS 

Thermal characteristics of ICs have always 
been a major consideration to producers and 
users of electronics products because an 
increase in junction temperature (T, j) can have 
an adverse effect on the long term Operating 
lifa of an IC. The advantages realized by 
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miniaturization have trade-of in terms of in- 
creased junction temperatures. Some of the 
variables affecting T; are controlled by the 
producer of the IC, while others are controlled 
by the user and the environment in which the 
device is used. 


With the increased use of SMD, thermal 
management remains a valid concern be- 
cause not only are the packages much 
smaller, but the thermal energy is concentrat- 
ed much more densely on the PCB. For these 
reasons users of SMD must be ore aware of 
all the variables affecting Tj. 


POWER DISSIPATION 
Power dissipation (Pp) varies from one device 
to another depending on technology and 
compiexity. it can be obtained by multiplying 
Vocmax by the loc Characterized at the maxi- 
mum ambient temperature expected (in the 
case of TTL, 70°CC). 
@ Junction temperature (Tj) is the 
temperature of a powered IC measured 
at the substrate diode. When the device 
is powered, the heat generated causes 
the Ty to rise above the ambient 
temperature (Ta). 
All standard TTL, Schottky, Low Power 
Schottky, and FAST being built by 
Signetics use copper leadirames. 
The ability of the package to conduct 
heat from the chip to the environment 
is expressed in terms of thermal 
resistance, normally called Theta JA 
(@ja). 84, is the total resistance from 
the junction to ambient and is often 
Separated into two components: Oj¢ 
(junction to case) and Oc, (case to 
ambient). 934 = Osc + Oca 94 values 
for SMD packages are listed in Table 2. 
All measurements are in still air. 
Ta max is +70°C. 
Icc characterized at nominal Voc and 
+70°CC ambient. 
© Caiculate power (P) by multiplying Vog 
nominal X Icc at +70°CC. 
P= ie 
® Catculate rise in (Ty) by multiplying 
Power by Oj. 
Ty = Px CAN 
@ Add Ty + Ta max. If result is greater 
than 120°CC, then thermal mounting or 
some other way to reduce the Ty must 
be used. 


Factors Affecting Thermal 
Resistance 

In addition to possible loading and duty cycle 
factors in some technologies, there are sev- 
eral factors with affect 8), of any IC package. 
Effective thermal management demands a 
sound understanding of all these variables. 


Package variables include the leadframe de- 
sign, leadframe material, the plastic used to 
encapsulate the device, and to a lesser 
extent, other variables such as the die size 
and die attach methods. While the thermal 
conductivity of the wire can be calculated, it is 
too insignificant to be considered as a factor. 


Other factors that have a significant impact of 
the 844 include the substrate upon which the 
package is mounted, the density of the layout, 
the gap between the package and substrate, 
the number and length of traces on the 
surfaces of the board, the use of thermally 
conductive epoxies, and any external cooling 
methods. 


STANDARDIZATION 

The SO package is an industry standard 
format. In June 1985, the JEDEC (Joint Elec- 
tronics Engineering Council) of the EIA (Elec- 
tronics Industries Association) issued a Solid 
State Product Outlines Standard for each of 
the SO formats: MS-012 AA-AC for the 
0.150” body width SO and Ms-013 AA-AE for 
the 0.300” body width SOL. In addition to the 
JEDEC Standard, de facto standardization 
has been achieved in the industry in that most 
of the major US and European IC manufactur- 
ers (more than 15 companies currently) use 
this standard. 


The PLCC is also a standardized format, with 
a JEDEC REgistered Outline #MO-047 AA- 
AH. It also is multiple sourced with over 10 
US IC manufacturers using this standard. 


Points worth noting: ALL SO AND SOL 
PACKAGES HAVE 0.050” LEAD SPACING A 
GULL-WING LEAD BEND, WHILE ALL PLCC 
PACKAGES HAVE THE SAME LEAD SPAC- 
ING AND A J-BEND LEAD SEND. 


TAPE AND REEL 

One revolutionary phenomenon in SMD is the 
development of Tape and Reel for the IC 
Packages. Philips and several other compa- 
nies making automatic placement equipment 
recognized the need for a feed system which 
allows for positive indexing large volumes of 
components at high-speed in order to get 
maximum efficiency out of the new pick-and- 
place machines. Tubes are limited to a rela- 
tively small number of parts (dictated by tube 
length) and depend on gravity to feed compo- 
nents to the placement head. After several 
Proposed tape formats, Philips, Signetics, 
many of the component and placement 
equipment manufacturers, and board manu- 
facturers convened under the auspices of EIA 
(Electronic industries Association) and 
agreed on an industry standard specification 
for Tape and Reel for both SO and PLCC 
packages. The proposed EIA specification 
RS 481A is being used by Signetics and 
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Figure 2. Footprint Design for The PLCC-IC 
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Philips, both of whom have shipped compo- 
nents on Tape and Reel since late 1984. 


SUCCESS IN SURFACE 
MOUNTING BEGINS WITH THE 
DESIGNER 

In addition to the different Package configura- 
tions, surface mounting is done on a much 
smaller scale. Instead of the plated through 
holes, metalized footprints must be etched 
onto the substrate surface, 


The designer will be using a ore refined set of 
rules for layout of the surface mount PC 
board. Because the components can be 
spaced closer together with small contact 
spacing, a narrower conductor trace width is 
necessary. A common signal conductor can 
be 0.010” to 0.012” wide and 0.015” through 
0.030” is adequate for power and ground 
bussing. The suggested footprint contact 
area has a generous tolerance. For the SO 
.C.,a rectangular pattern is used on 0.050” 
Spacing. The length of the pad is 0.050" to 
0.060” and the width can vary from 0.020” to 
0.035”, The 0.025” « 0.050" footprint pattern 
will work well using the grid placement sys- 
tem favored by most designers. The 0.012” 
conductor width spaced at 0.025” provides a 
teasonable 0.013” air gap between traces. 
However, if conductor pads, it will ba neces- 
Sary to neck down the trace width to 0.008” 
and still retain an equal airgap at each side. 
Because neck down traces require additionat 
time in both hand taping or CAS/photo plot 
generation of artmasters, some compromises 
may be justified. By reducing the contact pad 
size to.0.020" < 0.050", it is possible to route 
a Consistent 0.010” conductor trace width 
and still maintain the desired clearances. 
However, some PC board shops may not 
maintain the consistent quality necessary 
when using this fine line approach over the 
entire board. It is important to discuss fimita- 
tion and premium cost penalties with your 


supplier before full commitment to the 0.01 0", 
and smaller, trace widths. 


Another very important consideration to be 
taken into account is the thermal concentra- 
tion caused by miniaturization. The same die 
is being used in the SMD as in the DIP, thus 
the power dissipated is the same: however, 
the smatier packages are being placed much 
closer together, Concentrating the thermal 
energy. The trde-ofts between the increase in 
density and the concentration of thermat 
energy must be evaluated by the board man- 
ufacturer, - .- 


These factors may influence the choice of 


PCB material, the number of layers, and the 
thickness of the PCB board. New methods to 
transfer heat from the package to the board 
and then away from the board should be 
considered by the designer. 


Other factors to be considered are the place- 
ment system, soldering method, post-assem- 
bling cleaning, inspection, test, and the avail- 
ability of parts in SMD packages. 


One of the first steps ig to fist all the devices 
needed and to determine which ones are 
available in SMD format. With the growth of 
Popularity of SMD, the number of different 
functions offered by Signetics continues to 
grow rapidly. In addition to the SIGNETICS 
SMD POCKET GUIDE, there are several 
cross-reference lists available from design 
and assembly services. However, with the 
explosive growth of this market NONE OF 
THESE LISTS ARE NECESSARILY CUR- 
RENT. Please check with your local sales 
office because the parts availability lists are 
growing almost daily. 


When choosing the type of footprints to use, 
it is very important that the designer consid- 
ers the soldering method being used. 


Basically there are two types of soldering in 
use today: flow soldering (wave, drag, or hot 
solder dip) an reflow soldering (vapor phase, 
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infrared, thermal conduction through the 
PCB, and hot air). 


The SO package can be soldered using a 
flow soldering method. The devices must be 
attached to the PCB by means of an adhesive 
because the device side of the board will be 
facing down as it goes through the solder 
wave. The orientation of the part as it goes 
through the solder wave can play an impor- 
tant role in the elimination of bridges. Experi- 
ments should be conducted by the user to 


‘determine the best footprints for use in a 
* particular soldering system. Some users feel 


that the narrow footprints help to reduce 
solder bridges. Others have been experiment- 
ing with rounded footprints to reduce bridging 
during wave soldering and claim to have had 
very good results. 


Reflow soldering has been done for many 
years in the hybrid industry. A solder paste or 
solder cream is applied to the footprint prior 
to placement of the component. These 
Pastes an creams contain tiny spheres of 
solder suspended in a carrier which contains 
the flux. As the substrate temperature is 
raised, the flux, solvents, and carriers are 
driven off and the solder liquifies. Various 
melting point pastes and creams are avail- 
able. As the liquid solder migrates to the 
metallized footprints, the surface tension is 
enough to move the leaded components. For 
SO packages, this can be an advatage be- 
Cause it acts as a self-positioning mechanism. 
However, it can be a problem for the smaller 


; Passive components if the solder paste isn't 


Printed on eventy. if there is an uneven 
amount of solder paste on one end of one of 
these smaller devices, the surface tension 
can pull stronger on one side Causing a 
“tombstoning" effect, ie., one end of the 
device is lifted straight up. 


Many variations of footpring patterns are 
possible. The formula shown in Figure 1 is 
applicable for both reflow and wave solder 
Processes. Many configurations are possible 
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De Se 


and should be tried on an experimental basis 
before commitment to a large production run. 
Both time and development costs can be 
conserved by utilizing design and process 
consultants specializing in surface mount 
technology. 


Figures 1 and 2 show some typical footprints 
used in reflow soldering. Note that the width 
of the footprint for the SO package varies 
from 0.025” to 0.035”. Most users tend to- 
wards the narrow footprint. Further, the 
length to these prints should be kept as short 
as possible to prevent the part from swim- 
ming or sliding back and forth on the footprint 
while still allowing a good meniscus. 


Another factor worth noting is that the foot- 
Print for PLCC should not extend too far 
under the package as this could promote 
solder bridges under the Package where they 
can not be seen during inspection. The foot- 
print for the PLCC should extend out further 
from the package than the lead itself to allow 
a good meniscus that will result in a strong, 
inspectable bond. 


Careful placement of related components will 
allow a more effective use of a much smaller 
surface area. The interconnections that can 
be made on the substrate surface result in 
the elimination of feedthrough holes. Reduc- 
tion of these holes and their associated pad 
areas further increase the density of the 
layout, and reduce total board cost as well. 
As indicated, the SO package has the same 
pinout on two parallel rows as found on the 
older DIP packages being replaced. Arrang- 
ing related ICs in blocks or functional clusters 
with their associated discreet components 
can also heip to maximize the use of the 
available surface area. 


For several reasons, many users have ex- 
pressed their preference for SO format 
through 28 pins. The SO is much smaller and 
lighter than the PLCC. The SOI, although a bit 
longer than the PLCC, still occupies about the 
same board space. 


Further, when using several packages and 
connecting them together, a given number of 
SO and SOL packages wouid take much fess 
space than the same number of PLCCs, 
simply because of the interconnect geogra- 
phy. (See Figure 3). 


Besides being smaller, the SO format is dual- 
in-line and has the same pinouts as those of a 
standard DIP (PLCC pinouts vary between 
devices as well as between manufacturers). 
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The SO format is easier to handle and is 
much easier to visually inspect. ; 


For devices over 28 pins, the PLCC is the 
Package of choice, largely because it can 
hold a much larger die than the 0.300” wide 
SO packages. 


In the early days of PCB technology when 
Plated through holes were not Possible, de- 
signers were forced to carefully plan compo- 
nent arrangements and connections. Using 
experience and ingenuity, they were able to 
eliminate crossovers while reducing the need 
for unwanted jumpers. With the advent of 
Plated through holes and multilayer boards, 
the restriction to single sided boards was 
eliminated. Using the single sided concept 
the techniques used to interconnect the 
SMDs are as important as the footprint pat- 
terns. As noted before, the contact pads on 
0.050” centers, range between 0.025” and 
0.035” in width. Prior to choosing to add a 
feedthrough hole on the pad itself, two fac- 
tors should be considered: 1) The hole diam- 
eter selected must allow for a reasonable 
location tolerance. A 0.010” to 0.015” diame- 
ter plated through hole in 0.062” thick FR4 
material may increase the cost of your PCB. 
2) Unless the feedthrough hole on the foot- 
print area is either plugged or ‘masked, in a 
reflow soldering situation, the solder will tend 
to migrate away from the IC contact resulting 
in @ poor solder joint. 


It is more desirable to add a separate pad for 
via or feedthrough requirements. To further 
Provide for routing conductor traces while 
insuring an acceptable air gap, you may 
choose to use a 0.035” to 0.037” square pad 
for these feedthrough holes.. The Square 
configuration will furnish more than enough 
metal in the diagonal corners to cornpensate 
for the reduced annular cross section at the 
sides of the square. The 0.035"-0.037" 
Square feedthrough pad can be spaced at 
0.050” when necessary or on the more tradi- 
tional 0.100” pad. With this spacing it is 
Possible to route two 0.012” wide conductor 
traces between pads, something only possi- 
ble before with costly multilayer designs using 
leaded through hole technology. 


The feedthrough pad is then connected to the 
component contact area with a narrow trace. 
This narrow trace reduces migration of the 
solder paste during the reflow process. To 
further reduce migration of the liquid solder, 
application of solder mask coating over sur- 
face areas not requireing solder is recom- 
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mended. This coating is applied with a wet 
Screen process or photographically as a dry 
film and will act as a dam to contain solder to 
the contract area. (See Figures 4 and 5). 


When using reflow soldering, the trace width 
should be about half the width of the footprint 
Pattern. As noted before the signal Carrying 
conductors are generally 0.012” to 0.015” 
wide. Supply voltages are carried on wider 
traces. When running traces between the 


device leads, it will be necessary to reduce 


the width to about 0.008” which Provides an 
0.008” gap between the trace and the edge 


“of the pads when using 0.025” pads. 


Because the SMDs are so much smaller than 
their leaded counterparts, the scale of the 
layout should be considered. On larger 
boards with a mix of SMDs and leaded 
devices, a 2:1 scale may be adequate. More 
complex layouts can be designed at 4:1 scale 
with excellent results. The larger scale will 
make it possible to increase density while 
assuring accuracy. If designing with a CAD 
system, accuracy and density can both be 
increased by increasing the grid resolution. 
Routing conductor traces will require careful 
Planning, it is customary to use a 90° or 45° 
angle (Figure 6) when traces must divert from 
a continuous line. 


Offset stepping several 0.012” wide conduc- 
tor traces on 0.025” Spacing will require 
necking down at the point of direction change 
to maintain the desired air gap. The start and 
Stop points of photopiotter aperture runs must 
be Carefully executed to reduce the chance of 
Overlay and shorting. if outside services are 
used for digitizing or photoploting, discuss 
your requirements for accuracy before Pro- 
ceeding. Some compromises may have to be 
made to insure quality and control costs. 
Preparing artmasters on mylar using precision 
tape products and pre-printed footprint pat- 
terns may afford more flexibility during your 
entry into SMD technology. Changes can be 
mad easily, and economical Photo reduction 
Processes will provide high quality working 
film. The technique used to prepare working 
film is a choice generally influenced by in- 
house capability or services available in a 
region. 


Dramatic changes are taking place through- 
out this industry. Surface mount technology is 
key to an efficient transition into miniaturiza- 
tion and automation of electronic Production. 
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Section 7 
Surface Mounted ICs 


PACKAGE OUTLINES FOR 

PLASTIC PACKAGES ~— 

The following information applies to all plastic 

packages unless otherwise specified on indi- 

vidual package outline’ drawings. 

1. Dimensions are shown in Metric units 
(Millimeters) and English units (Inches). 


24-pin 
(SOL-24) 
(DIP-14) 
16-pin 
(DIP-16) 


oan 
(DIP-20) 
24-pin 


NOTES: 
1. SO = Smail Outline 
2, DIP = Dual-In-Line Package 
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2. 


3. 
4. 


Package 
Ouflines 


Lead material: Copper Alloy, soider 
(63%Sn/37%Pb) dipped. 

Body material: Plastic (Epoxy) 

Thermal resistance values are deter- 
mined by temperature sensitive parame- 
ter (TSP) method. This method uses the 
forward voltage drop of a calibrated di- 


PLASTIC PACKAGES OUTLINES 


“ 
remne eRe 


oe 
oe 


16-pin 
roseese 
Leadframe) 


Die Size 
ey 


1 | awa 
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ode to measure the change in junction 
temperature due to a known power appli- 
cation. The substrate diode of a Bipolar 
technology device is generally the diode 
used in these tests. Die size and test 
environment have significant offects on 
thermal resistance values. - 


Device soldered to 
Philips glass epoxy 

test board 

(1.12" X 0.75" X 0.059") 


Device in Textool ZIF 
socket with 0.040", 
stand-off. Accuracy: t 15% 


Device in Textool ZIF 
socket with 0.040”, 
stand-off. Accuracy: +t 15% 


Package Outlines 


14-PIN PLASTIC SO 


16-PIN PLASTIC SO 
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6215 


[ole Gf 25 (010) ©] 


8.75 (.344) 
8.56 (337) 


49 (.019) 


49 (i 25 (.010) (007 + .003) 
wr) 79 (007) 1802.07 


Packaging dimensions conform to JEDEC specification 
MS-012-AB for standard smail outline (SO} package, 14 
leads, 3.75mm (.150’) body width {issue A, June 1985). 
Controlling dimensions are in mm. Inch dimensions in pa- 
rentheses, 

Dimensions and tolerancing per ANS! Y14.5M— 1982. 

“T", ‘D" and “E” are reference datums on the molded body 
and do not include mold fiash or protrusions. Mold flash of 
protrusions shalf not exceed .15mm {.006") on any side. 
Pin numbers start with pin #1 and continue counterciock- 
wise to pin #14 when viewed from top. 

Signetics ordering code for a product packaged in a plastic 
small outline (SO) package is the sutfix D after the product 
number. 


-50 (020) 
.25 (.010) 


NOTES: 


1. 


rs 
[eJE@] 25 (.010) © | 


4.27 (050) ASC 
10.00 (.394) 
9.80 (.386) 


49 (.019) 


eo ALTE [OG] 25 (010) @ 


Packaging dimensions conform to JEDEC specilication 
MS-012-AB for standard small outline (SO) package, 14 
leads, 3.75mm (.150°) body width (issue A, June 1985). 
Controlting dimensions are in mun. inch dimensions in pa- 
rentheses. 

Dimensions and tolerancing per ANS! Y14.5M- 1982. 

“T’, “D" and "E” are reference daiums on the mokied body 
and do not include mold flash ar protrusions. Mold flash or 
protrusions shall not exceed .15mm (.006") on any side. 
Pin numbers start with pin #1 and continue counterciock- 
wise to pin #14 when viewed from top. 

Signetics ordering code for a product packaged in a plastic 
small outline (SO) package is the suffix D after the product 
nurnber. 


50 (020) A, 
"28 (010) 


Package Outlines 


20-PIN PLASTIC SOL 


NOTES: 


Packaging dimensions conform to JEDEC specification 
MS-012-AB for siandard smail outline (SO) package, 14 
jeads, 3.75mm {.150°) body width (issue A, June 1985). 
. Controlling dimensions are in mm. inch dimensions in pa- 
tentheses. 
Dimensions and tolerancing per ANS! Y14,5M- 1982. 
"T*,"D" and "E™ are reference datums on the moked body 
and do not include mold flash or protrusions. Mold flash or 
protrusions shail not exceed .1Smm (.006") on any side. 
. Pin numbers start with pin #1 and continue counterciock- 
wise fo pin #14 when viewed from top. 
10.65 (.419) .  Signetics ordering code tor a product packaged in a plastic 
10.28 (.404) smail outline (SO) package is the suffix D after the product 


@E® .25 (010) © Runner 


1.27 {.050) 8SC 


13,00 (512) 
12.60 (.496) 


2.66 (104) 
2.35 (.093) 


49 (019) 


Te. 32 (013) .90 {.012) 1.07 (042) 
38 (014) TT E:O® .25 (.010) @ 


23 (000) -10 ¢.004) 86 (.034) 


NOTES: 


Packaging dimensions conform to JEDEC specification 
MS-012-A8 for standard small outline (SO) package, 14 
leads, 3.75mm (.150') body width (issue A, June 1985). 
Controlling dimensions are in tam. Inch dimensions in pa- 
remheses, 
Dimensions and tolerancing per ANSI Y14.5M~ 1982. 
. “T","D" and “E” are reference datums on the molded body 
and do not include mold flash or protrusions, Mold flash or 
Protrusions shall not exceed .15mm (.006") on any sie. 
. Pin numbers start with pin #1 and continue counterclock- 
* 40.65 (.419) wise to pin #14 when viewed from top. 
——_ . Signetics ordering code for a product packaged in a plastic 
10.26 (.404) smail outline (SO) package is the sutfix D after the product 


[ole ©] 25 (010 © | al 


15.60 (,614) -75 (.030) 


76.20 (508) "50 (020) “45” 


49 (.019) 32 (013) 30 (012) 1,07 (042) 
Siw. Eas wo 8 | = a 


.23 (.008) -10 (004) 86 (.034) 
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Package Outlines 


14-PIN PLASTIC DIP 
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100 (2.54) BSC 
.757 (19.23) 
-748 (18.95) 
064 (1.63) 
048 (1.14) 


.160 (4.06) 
135 (3.43) 


138 (3.51) 
-420 (3.05) 


fOTTIE DEY 0710 (25) @) 


-255 (6.48) 


100 2.54 (BSC) 
757 (19.23) 


746 (18.95) 
-064 (1.63) 


045 (1.14) 


-160 (4.06) 
135 (3.43) 


138 (3.51) 
-120 (3.05) 
922 (58) pe ara 
On7 (43) fol TIEDGT 010 (25) @ } 


NOTES: 


125 (3.18) 
-115 (2.92) 


.035 (.89) 
020 (.51) 


015 (38) 
010 (.25) 


Packaging dimensions conform to JEDEC specitication 
MS-012-AB for standard smaii outline (SO} package, 14 
leads, 3.75mm (.150') body width (issue A, June 1985). 
Controlling dimensions are in mm. Inch dimensions in pa- 
sentheses. 

Dimensions and tolerancing per ANSI Y14.5M- 1982. 

*T*, “D" and “E" are reference datums on the moided body 
and do not include mok flash or protrusions. Mold flash or 
protrusions shall not exceed .15mm (.006") on any side. 
Pin numbers start with pin #1 and continue counterclock- 
wise to pin #14 when viewed from top. 

Signetics ordering code for a product packaged in a plastic 
small outline (SO) package is the suffix D after the product 
number. 


822 (8.18) 
300 (7.62) 


NOTES: 


1. 


-125 (3.18) 
115 (2.92) 


.035 (.89) 
020 (51) 


015 (38) 
010 {.25) 


Packaging dimensions contorm to JEDEC specification 
MS-012-AB for standard small outline (SO) package, 14 
leads, 3.75mm (.150') body width (Issue A, June 1985). 
Controlling dimensions are in mm. Inch dimensions in pa- 
rentheses. 


Dimensions and tolerancing per ANS! Y14,6M- 1982. 

"T", "D" and "E” ate reference datums on the molded body 
ané do not include mold flash or protrusions. Mold fash or 
protrusions shall not exceed .15mm (.006") on any side. 
Pin numbers start with pin #1 and continue counterclock- 
wise to pin #14 when viewed from top. 
Signetics ordering code for a product packaged in a plastic 
small outline (SO} package is the suffix D after the product 
nurmber. 


322 (8.18) 


"300 (7.62) 
(NOTE 5) 


Signetics ALS Products 


Package Outlines 


20-PIN PLASTIC PDIP 


ing dimensions conform to JEDEC specification 

MS-O12-AB for standard small outline (SO) 14 

leads, 3.75mm (.150") body width (issue A, June 1 ‘ 

Controlling dimensions are in mm. tnch dimensions in pa- 

rentheses. 

Dimensions and tolerancing per ANSI Y14.5M- 1982, 

*T", “D° and "E are reference datums on the molded body 

and do not include moid flash or protrusions. Mold flash or 
255 (6.48) protrusions shail not exceed .15mm (.006") on any side. 
245 (6.22) . Pin numbers start wkh pin #1 and continue counterciock- 

wise to pin #14 when viewed from top. 

Signetics ordering code for a product packaged in a plastic 

small outline (SO) package is the suffix D after the product 

number. 


100 (2.54) BSC 
1.057 (26.85} 
1.045 (26.54) 
064 (1.63) 922 (8.18) 
045 (1.14) 300 (7.62) 
(NOTE 5) 


.160 (4.06) 125 (3.18) 
135 (3.43) 145 (2.92) 


035 (.89) 


‘satasi) 020 {.51) 
-120 (3.05) 
095 (38) 395 {10.03} 


010 (25) .300 ( 7.62) 


NOTES: 


1, Packaging dimensions conform to JEDEC specitication 
MS-~012-AB for standard small outline (SO) package, 14 
leads, 3.75mm (.150') body width (issue A, June 1965). 
. Controiting dimensions are in mm. inch dimensions in pa- 
tentheses. 
Dimensions and tolerancing per ANS! Y14,5M- 1962. 
“T","D" and “E* are reference datums on the molded body 
and do not include mold flash or protrusions. Mold flash or 
protrusions shail not exceed .15mm (.006") on any side. 
-255 (6.48) . Pin numbers start with pin #1 and continue counterciock- 
245 (6.22) wise to pin #14 when viewed from top. 
. _Signetics ordering code for a product packaged in a plastic 
| smatt outline (SO) package is the sutfix D after the product 
number. 


.100 2.54 (BSC) 
1.256 (31.90) 


1.240 (31.50) 
064 (1.63) 322 (8.18) 


045 (1.14) 300 (7.62) 


160 (4.06) 128 6.18) 
-135 (3.43) 


035 (.89) 


020 (51) 
-138 (3.51) 


-120 (3.05) 
022 (58) y ; 015 (.38) 395 (10.03) 


017 (43) 010 (25) -300 ( 7.62) 
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NOTES 


The Philips Components technical 
handbook system... a comprehensive 
data library 


The Philips Components handbook is made up of four sets of Books, each 
comprising several parts:- 


Book 1 (light blue) Semiconductor devices 

Book 2 (orange) Electronic tubes 

Book 3 (green) Components, materials and assemblies 
Book 4 (dark blue) Integrated circuits | 


Most of the devices for which full data is given in these books are those around 
which we would recommend equipment to be designed. Where appropriate, other 
types no longer recommended for new equipment designs but generally available for 
equipment production, are listed separately. Data sheets for these types may be 
obtained on request. 


The current Philips Components Quick Reference Guide should always be 
consulted for details of our preferred range. 


The data contained in these books is as accurate and up to date as possible at 
the time of going to press. it must be understood, however, that no guarantee 
can be given on the availability of the various devices, or that their specifications 
may not be changed before the next edition is published. 


Each part is reviewed regularly, revised and re-issued where necessary. 
Requests for copies of the Quick Reference Guide and individual data sheets (please 
quote the type number) should be sent to:- 


Technical Publications Department, Philips Components Limited, 
New Road, Mitcham, Surrey CR4 4XY. Telex 22194. 


Prices and availability information for our products can be obtained from Mullard 
House, or from one of our Distributors listed on the back cover. 


(i) 


The Philips Components 


For the equipment designer, 
technical informationon _ 
electronic components is 
vital. Philips Components 
market the widest range of 
components in the U.K., 
supported by a comprehensive 
information service — the 
Philips Components Data 
Base. Brief details are given 
here. For further information 
and an order form, please 
write to:- 


The Technical 
Publications Department, 
Philips Components Limited, 
New Road, Mitcham, 
Surrey, CR4 4XY. 


Prestel too! 


Regular Publications 


Philips Components 
News 

A must for designers, this 
bimonthly, newspaper-style 
publication briefly describes 
new components and offers 
further information on 
subjects of interest. 


Consumer Electronics 


Areview, in newspaper style. 


It contains articles and 


features of interest to those in 


the consumer electronics 
industry, with emphasis on 
television technology and 

allied subjects. 


556201. 


Ail our publications can be 
ordered directly via Prestel. 
The Philips Components 

Data Base begins on page 


Technical Publications, 
Brochures, Leaflets 
and Catalogues - 

We publish hundreds of 
publications on components 
and their applications. Make 
sure your name is on the 
mailing list for Philips 
Components News, which 
describes and offers new 
publications. 


a Base 


Electronic Quick Reference Guide | Technical Data Service 

Components and All products marketed by This service provides 

Applications Philips Components are detailed, up-to-date 

A quarterly technical journal listed ailphanumerically and information on the 

covering, in depth, described briefly in our Quick characteristics and 

developments in electronics Reference Guide. performance of our 

based on the work of our components. Subscribers to 

laboratories. Please ask for a any or all of the four 

sample copy and subscription handbook sections receive all 

form. relevant handbooks, 
loose-leaf binders, monthly 
mailings of new data sheets, 
and new handbook parts as 
they are published. For those 
not wishing to subscribe to 


the Data Service, handbook 
parts can be purchased 
individually. Individual data 
sheets are available 
free-of-charge, and can be 
obtained by quoting the type 
number. 


Philips Components Data Base: 
Prestel 556201 


PHILIPS 


(iv) 


Philips Components 
technical handbook 


Book 4 Integrated circuits 


Book 4 consists of the following parts: 


Part 1 


Part 2 


Part3 


Part 4 
Part 5 
Part 5 


Radio, audio and associated systems: 
bipolar, MOS 


Television, video and associated systems: 
bipolar, MOS 


ICs for telecom: 
Subscriber sets, Cordless telephones 


CMOS logic 4000 series 
High-speed CMOS logic HC/HCT family 


Supplement High-speed CMOS Designer's 
Guide and Applications Handbook 


Part ICO5 Advanced Low-power Schottky (ALS) logic 


Part 6 
Part 6 
Part 7 


series 

Linear products 
Supplement Linear products 
Memories: MOS, TTL, ECL 


Part ICO7 Advanced CMOS Logic (ACL) 


Part 8 

Part 8a 
Part 8a 
Part 9a 
Part 12 
Part 13 
Part 14 
Part 17 


Part 19 


TTL digital ICs 

FAST TTL digital ICs 

Supplement FAST TTL digital ICs 
Microprocessors and peripherals 

I?C-bus compatible ICs 

ASIC Programmabie Logic Devices (PLD) 
Microcontrollers 


ICs for telecom: 
Radio pagers, Mobile telephones, ISDN 


Data communication products 


